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Aimoramni. (Xuioii H3 imipoKO nciio.ibiycMbix XKCiicpiiMCina.ibm.ix \io,ie:ieii 
coBpcMeHHOH HeftpoHayKH MB.iMiorcM iienpoiia.iBiibie Kyaixrypbi in vitro. 
KyjibTHBHpoBaHHe HeMpoHHBix ceTeM Ha MyabTHaaeKTpoAHbix Marpimax aaei 
B03M0>KH0CTb I lO.IV Mail, 6ojIbHIOH 06beM HH(|)OpMaU,HH O .UlliaMlIKC aKTHBHOCTH 
HenpoHOB, a iaK>K‘c BOi/ieiicTBOBan, Ha kjictkh iipn iiomoihii a.icKrpiiMCCKoii 
CTHMyjiapHH. 3to ae.iaer iienpoiiaabiibie KyabTypbi yaodiibiM HHCTpyMeHTOM 
ncc:ic;iOBaim>i aacKBaniocni icopcniMCCKiix Mo/ie.ieii HeiipoHHbix cereii. B 
o630pe paccMOTpeHbi paooibi. iipe/iciaBaaionuie ocHOBHbie no/ixo/ibi k 
KOMnbioTepHOMy Moae.mpoBaimio /umaMiiKii aKTHBHOCTH b KyjibTypax nciipoiiOB. 

Kjiwneebie cjioea : neupon, HeupoHcuibHan Kynbmypa, cuHammmecKcm macmunnocmb, 

Myji b m u 3Ji eKin po dnau Aiampuua, cnauKoean dimaMUKa HeiipoHHbix cemeu. 


1. BBE^EHHE 

,ZJna noHHMaHHH npHHUHnoB paSoTbi M03ra, hco6xoahmo hmctb HHcftopMapnio 06 
aKTHBHOCTH 6ohbhihx pacnpeAeaeHHBix nonyjiapHH HenpoHOB, h ee cbk3h c noBe^eHHeM . 
3tO 3HaHHT, HTO HAeaHBHBIH MCTOA HCCHCAOBaHHa ^OJDKeH oSna^aTb KJieTOHHBIM 
pa3pemeHHeM Aaa Bcero oSaeMa M03ra h BpeMeHHbiM pa3pemeHHeM, no3Boaaioiu;HM 
perHCTpHpOBaTB noTeHijHanBi ACHCTBHa OTaeaBHBix HeiipoHOB. 06bihho mo3t hchbothoto 
co^ep^KHT orpoMHoe hhcjio HenpoHOB h MeacHenpoHHBix cBa3eft, o6pa3yioiu;Hx Hpe3BBiaaHHo 
cjioxcHyio TpexMepHyio npocTpaHCTBeHHyio CTpyicrypy, cocToamyio H3 kjictok pa3JiHHHbix 
THnoB ynopaAoneHHbix b npocTpaHCTBe. Pa3Mep h «TpexMepHocTb» HeftpoHHBix ceTeft M03ra 
Bbi3biBaeT 3HaHHTejibHbie Tpy^HOCTH npn ero royHerora. CoBpeMeHHaa HeiipoSHonorHa 
o6jia^aeT hihpokhm cnenpoM HHCTpyMeHTOB, no3BoaaTomHx HccaeAOBaTB mo3t Ha 
pa3JIHHHBIX BpeMeHHbIX H npOCTpaHCTBeHHBIX MaCHITaSaX ([1], pHC. 1). O^HaKO, 3TH MCTOAbl 
jth6o He HMeioT KaeTOHHoro pa3pemeHHa, xax (J)yHKpHOHajTbHbiH MarHHTH0-pe30HaHCHBift 
hmhahchht hjih 3neKTpo3HAe(J)anorpa(J)Ha, jih6o, Kax MyjibTH3JieKTpoAHaa hjih onTpo^Haa 
[2, 3] perHCTpapna, astot tohbko aoKaaBHyio HH(J)opMauHK) He no3BOJiaa oAHOBpeMeHHo 
perHCTpHpOBaTB aKTHBHOCTB Been nonyaaHHH KaeTOK, o6pa3yK>mHX (JtyHKAHOHajiBHyio 
CHCTeMy, b M03re hchbothoto (in vivo). 

IIohck 3KcnepHMeHTajiBHBix MoaeaeM ceTen HepBHBix KaeTOK, yaoBaeTBopaioiHHx 
Tpe6oBaHHaM KaeTOHHoro pa3pemeHHa h bo3mohchocth perHCTpapHH AHHaMmcn aKTHBHOCTH 
KaacAoro HeiipOHa, aKTHBHO BeAeTca b oGaacra HCcaeaoBaHHa HenpOHaaBHBix KyabTyp [4, 5], 
HenpoHaaBHaa KyaBTypa - 3to ceTB HenpoHOB, BBipameHHaa b aaimce (in vitro ) [6]. J\nn 
KyjIBTHBHpOBaHHa 06BIHHO HCnOHB3yK)T HepBHBie KJieTKH, B3aTBie H3 KOpBI TOaOBHOTO M03ra 
nan THnnoxaMna 3M6pnoHa kpbicbi nan mbihih. KaeTKH BBicaacHBaioT Ha naocxyio 
noBepxHOCTB h CHaSacaiOT nHTaTeaBHOH cpeAOH. 3a caeT o6pa6oTKH noBepxHOCTH 
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cneuHajibHbiM noKptiTHeM, yjiymuaioiHHM cuenjieHHe kjictkh c noanoacKOH, yaaeTca 
BbipamHBaTt MOHOCJIOHHBie (TOJIipHHOH 1-3 KJieTKH) KyjibTypbi. 3neKTpHHeCKaa aKTHBHOCTB 
KJieTOK HeMpoHajibHOH KyjibTypbi odbumo perHCipupyeTca MaccHBOM hjiockhx 
MHK poajieKTpoAOB (t. h., MyjibTHajieKTpoAHofi MaTpiiueH, aHrji. multi-electrode array (ME A) 
[7, 8]), BCTpoeHHbix b AH3JieKTpHHecKyio noflJioacKy. 
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Phc. 1. ^nanaaoHbi npocTpaHCTBeHHoro h BpeMeHHoro pa3pemeHH^ pa3JiHHHbix MeTO^OB Hccjie^OBaHH^ 
aKTHBHOCTH M03ra (H3 [1]). 

BaacHbiM npeuMymecTBOM MOHOCJioiiHbix HeiipoHajibHbix KyjibTyp in vitro nepe^ ceTaMH 
HeftpoHOB in vivo aBjiaeTca yn;o6cTBo Hccne^oBaHHa bccmh MeTo^aMu cBeTOBou h 
(J)J iyOpeCI],eHTHOH MHKpOCKOnHH, HTO OTKpbIBaeT B03M0)KH0CTb HCn0JIb30BaTb HHCTpyMeHTbl 
MoneKynapHOH 6 hojiothh ,zpia BH3yajiH3an:HH MapKepoB BHyTpHKjieTOHHbix npopeccoB. 

TaKHM o6pa30M, aocTynHOCTb CTpyKTypHoii h (JtyHKUHOHajibHOH jmarHOCTHKM aaeT 
B03M05KH0CTb KOJTHHeCTBeHHO CpaBHHBaTb 3KCnepHMeHTajIbHbie pe3yjIbTaTbI c 
npe^CKaraHnaMH MoaejnipoBaHHa, hto caejiaao KyjibTypbi HeiipOHOB nonyjiapHbiM o6beicTOM 
HccjieAOBaHHH, conocTaBnaiomHx pe 3 yjibTaTbi Mo^ejiupoBaHHa nonyjiapHOHHon aKTUBHocTu 
C 3KCnepHMeHTajIbHbIMH aaHHbIMH [9-16], 

IIonyjiapHOHHaa aKTHBHOCTb b HeilpoHHbix ceTax in vitro odjraaaeT cjie^yiomHMH 
xapaKTepHbiMH ocodemiocTaMH: 

(1) CymecTByeT xapaicrepHas cnoHTaHHaa cnafiKOBaa aKTHBHOCTb c^opMupoBaBmeirca 
HeftpOHajIbHOH KyjibTypbi, KOrjia C UHTCpBajIOM 3 - 7 C Ha 60JIbHIMHCTBe SJieKTpOflOB 

Hadji To^aioTca nauKu (aHra. bursts) uMnyjTbcoB ^jiuTejibHocTbio ~ 100 - 300 mc [9]. 
06iuue HepTbi nojio6HOu «naueHHOH» aKTHBHOCTH BOcnpoM3BO,raTca b hhcjichhuix 
3KcnepHMeHTax [9, 11, 12, 15-18]. Cym no pe3yabTaTaM Mo^eanpoBaHHa aBneHue 

«naueHHOH» aKTHBHOCTH BHflHMO CBa3aHO C CHHanTHHeCKOH nJiaCTHHHOCTbK) H HajIHHHeM 
neiicMepKepHbix HeiipoHOB. 

(2) PacnpejiejieHHe cnaiiKOB BHyTpH «nauKH» odna^aeT xapaKTepHbiMH CTaTHCTHuecKHMH 
3aKOHOMepHocTaMH [12, 13, 17, 19]. Oahbko Bonpoc o peaeBaHTHocTu cTaTHCTHuecKHx 
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xapaKTepHCTHK cnaiiKOBoil unHaMiiKii HeHpOHanbHbix ceTeil in vitro h in vivo , HecMOipa 
Ha HeicoTopbie nojioacHTejibHbie pe3yjibTaTbi [20-22], ocTaeTca oTKpbiTbiM. 
OyH^aMeHTajibHbiM cbohctbom M03ra aBJiaeTca cnocoSHOCTb k o6y L ieHino, h 3to 
onpe^ejiaeT aKTyajibHocTb co3^aHHa 3KcnepHMeHTajibHbix [14, 23-29] h TeopeTHnecKHx 
Moaeneii [15,30] oSynemra HeMpoHaubHbix ceTeil in vitro. /Jjia Toro hto6bi peanH30BaTb 
oSyneHne HeilpoHajibHyio ceTb Ha^o noMecraTb b npo6jieMHyio CHTyamuo ^jia KOTopofl 
HeoSxoAHMO Hail™ pemeHHe, oObihho hjik 3Toro ncnojibiyeTca coe^HHeHHe KyjibTypbi c 
po6oTOTexHHHecKOH njiaTc^opMoil b HeOpornOpH^HyK) cncTeMy npn noMomn 
^BycTOpOHHero HHTeptjieilca. B nono6Hoii CHCTeMe CHraajibi c ceHCOpOB poOoTa 
npeo6pa3yK)Tca b cTHMyjiHpyiomHe HMnyjibCbi, no^aBaeMbie Ha HeftpoHbi, a aKTHBHocTb 
KJieTOK KOflHpyeTCfl b ynpaBJifliomne CHraajibi. 

TeM He MeHee, b cb33h c TeicymHM HecoBepmeHCTBOM mctoaob perncTpapHH pa3JiHHHbix 
napaMeTpoB KyjibTyp HeiipoHOB, a Taioxe He no KOHija HayneHHbiMH MexaHH3MaMH, 
oOecneHHBaiomHMH o6pa6oTKy HH^opMapHH b KyjibType, KOMnbMTepHoe MonejinpoBamie 
ABJiaeTCfl aKTyanbHbiM nonxonoM nJia H3yneHHJi npHHijHnoB (JjyHKHHOHHpOBaHHa 
KyjibTypajibHbix ceTeil. U,ejib naHHoro o63opa - ocBeTHTb ocHOBHbie HanpaBjieHHa, salami h 
nepcneKTHBHbie iijxeu HcejienoBaHHil b oojiacTM MonejinpoBaHHa HeilpOHajibHbix KyjibTyp in 
vitro. 3a nocnenHee neorouieTHe naHHaa o6jiacTb cymecTBemio paciHHpHjiacb, h b paivucax 
MHO)KecTBa HcejieaoBaHHH 6buiH pa3pa6oTaHbi pa3JiHHHbie nonxonbi jxna BOcnpomBeneHMa 
HeftpoHaubHOH aKTHBHocTH h njiacTHHHocTH b cera. B paMKax naHHoro o63opa CToajia 
3a^ana npencTaBJieHna cneKTpa B03M0>KHbix nonxonoB, 6e3 neiajibHoro aHajiH3 Kaacnoro H3 
HHX. 

CTpyKTypa o63opa opraHH30BaHHa cjienyiomHM o6pa30M. Bo BTOpoil uacra o63opa 
onncaHM Mo^ejiH HeilpoHa h cHHanca, ninpoKo npHMeHaeMbie b Mo^ejinpoBaHHH cnaiiKOBOH 
aKTHBHocTH HeilpOHajibHbix KyjibTyp. TpeTba L iacTb o63opa nocBameHa o63opy Monejieil 
nonyjiapHOHHoil aKTHBHocTH b KyjibTypax. HaKOHeu;, b 3aBepmaiomeH uacra cnejiaHbi 
BbiBOflbi h o6o3HayeHbi nepcneKTHBHbie HanpaBJieHiia HCCJienoBaHHa HeilpOHajibHbix 
KyjibTyp. 


2. MO^EJIH JT HH AMKH HEHPOHA H CHHAIICA 

Ilpn cHMyjiapHH ^HHaMHKH HeilpOHajibHbix KyjibTyp, BaacHyio pojib HipaeT Bbi6op 
Monejieil ocHOBHbix ojicmchtob HeilpOHajibHoil KyjibTypbi - HeiipoHOB h CHHaneoB, 
nocKOJibKy ot 3toto 3aBHCHT npaBAonoAoOHocTb pe3yjibTaTOB Mo^ejinpoBaHHa. fljia ceTeil c 
MajIbIM KOJIHHeCTBOM HeilpOHOB h/hJIH CHHanTHHeCKHX CBJJ3eil MOJKHO HCn0JIb30BaTb 
cjioacHbie 6no(])H3HHecKHe MonejiH c necaTKaMH napaMeTpoB. Oahbko, npn Mo^ejinpoBaHHH 
HeilpOHajibHbix KyjibTyp, cocToamnx H3 necaTKOB Tbican HeilpOHOB h cotch Tbican CHHaneoB, 
HeH36eacHo npnxonHTca HaxonHTb KOMnpoMHcc Meacny AeTajimapHeil Monejieil h 
HOCT ynHbiMH BbiHHCJiHTejibHbiMH pecypcaMH [31]. B naHHOM pa3nejie paccMOTpeHbi moucjih 
^HH aMHKH HeilpoHa h CHHanca, Han6ojiee nacTo npHMeHaeMbie npn Mo^ejinpoBaHHH 
cnaiiKOBoil aKTHBHocTH HeilpOHajibHbix KyjibTyp. 

Monejib «HeilpoH - noporoBbiil HHTerpaTop» c yueTOM TOKa yTenKH (b aHrjioa3biHHoil 
TepMHHOJiorHH, leaky integrate-and-fire (LIF) neuron [32-34]), BCJiencTBHe ee 
BbiHHCJiHTejibHoil npocTOTbi, aBjiaeTca oahoh H3 caMbix nonyjiapHbix npn Mo^ejinpoBaHHH 
SojibniHx (no HHCJiy HeiipoHOB) HeilpOHHbix ceTeil. YpaBHeHHe nonnoporoBoil nHHaMHKH 
LIF-HeilpoHa HMeeT bh^: 

c -^-=-( v ~ r ~ ) ■ 1 R . + h„ +i„, (i) 

rne V, C' m ii R m - TpaHCMeMSpaHHbiil noTCHiiHaji, ajieKTpHnecKaa cmkoctb h conpoTHBJieHHe 
MeM6paHbi HeilpoHa, eooTBeTCTBeHHo. B oTcyTCTBHe cHHanTHnecKoro (I syn ) h BHeuiHero (I ext ) 
tokob, noTemniaji Ha MeMSpaHe 3a Bpeivia x m = C m R m ~ 10 mc penaKcnpyeT k noTeHnnajiy 
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noxoa V rest . Koraa F AoeraraeT nopora V t h, HeftpoH reHepnpyeT cnaMx, a noTeHUMaa b 
T eneHHe HHTepBajia x re / (t. h. nepnoAa pecJipaxTepHocTH) HMeeT nocToaHHoe 3HaaeHHe V reset . 
IlpH y^anHOM noaOope napaMeTpOB, LIF-Moaeab yaoBaeTBopHTeabHO BOcnpoM3BOAHT 
nacTOTHyio MOAyaaiiHK) cnaflKOBOH aKTHBHocTH 6HOJiorHHecKoro HeftpoHa. O^HaKo 3Ta 
MO^ejib He cnocoSHa BOcnpOH3BecTH TaKHe cymecTBeHHbie nejami xax (JiopMa cnaftxa, 
npo(})Hjii> H3MeHeHHa noTemiHana MeacAy cnaftxaMH, naaeaHyio aKTHBHocTt HeftpoHa, 
aaanTaHHio HeftpoHa k nocroaHHoft CTHMynau,HH BHAe othochtcjibho MCAaeHHoro 
yBejiHHeHHa MeaccnaftxoBbix HHTepBajioB h t. a. [31]. TeM He MeHee, Ha ocHOBe AaHHoft 
MO^ejiH nocipoeHO mho>xcctbo MOAMcliHxaHHft, KOTopbie pacniHpaiOT ee bo3mo)xhocth h 
noBbimaioT cxoactbo c AaHaMHKOH SnoaorHaecxoro HeftpoHa [33, 35, 36]. 

Cpe^H MOAeaeft, yaHTbiBaiomHx AHHaMHxy noTeHu,Haa-3aBHCHMbix HOHHbix KaHajiOB 
MeM6paHbi HeftpoHa, HanSoaee nonyaapHoft ocTaeTca Moaeab XoAacxHHa-XaxcaH [37], 
H3HaHanbHO npeflJioaceHHaa aaa onncaHHa pacnpocTpaHeHHa cnaftxa no axcoHy. IIomhmo 
T paHCMeM6paHHoro noTeHpHaaa F, b Moaeab bxoaat Tpn t.h. Boporabie nepeMeHHbie (m, h h 
n ), onncbiBaiomHe Texymne cocToaHHa hohhbix xaHaaoB, onpeaeaaiomHx npOHHu,aeMOCTb 
MeM6paHbi a aa hohob Na + h K + . YpaBHeHHa Moaean hmciot bha: 


^7 = a„,(l 

at ( 2 ) 

^ = a h (l-h)-^ h K 


rAe C - yAenbHaa cmkoctb MeM6paHbi HeftpoHa, gm, gK, gL h Fv a , Vk, Vl - MaxcHMaabHbie 
yAeabHbie npoBOAHMOCTH Meivi6paHbi h CTauHOHapHbie noTeHnnaabi peBepcnn 
(oTHocHTeabHo noTeHpnaaa noxoa) aaa hohob Na + , K + h Toxa yreaxn (onpeaeaaeMoro b 
OCHOBHOM HOHaMH Cl’). K03(])(|)HLl,HeHTbI B ypaBHCHHaX Aaa III, h H n HeTpHBHajIbHbIM 
o6pa30M 3aBHcaT ot noTeHunaaa F: 


a, 


a„ = 


exp 


( a 2 -V ) 

V— » P m =V ex P 


^ -F^l 


a h = c x • exp 


a 2 -F 

V a i J 


f -V^ 


V c 2 J 


-1 


, p* = 


V b 2 J 


d j 


exp 


r d 2 -V A 

V L , 


+ 1 


a = 


e,(e 2 -V) 


exp 


f e^-Vf 

V e 3 J 


> Pn = /l ' eX P 


f -v' 


-1 


A 


\J2j 


Ko3([)(])HpHeHTbi aj, a 2 , a 3 , bj, b 2 , cj, C 2 , dj, d 2 , d 3 , <?/, 62 , e 3 ,fi,f 2 onpeaeaaiOTca H3 cpaBHeHHa 
c axcnepHMeHTajibHbiMH 3 aBHCHMocTaMH. B opHrHHaabHOH paSoTe XoA/xxHHa-XaxcaH [38], 
aaa axcoHa xanbMapa, 3th xo3(|)<f)Hii,HeHTbi hmciot caeayiomHe 3HaaeHHa (noTeHijHaa F - b 
mB): ai = 0.1, a2 = 25, = 10, bi = 4, b2= 18, Ci = 0.07, C 2 = 20, di = 1 , </? = 30, c /3 = 10, ei = 

0.01, e 2 = 10, e 3 = 10, fi = 0.125,/) = 80. Otmcthm, hto noporoBbiil noTCHUHaa ncnycxaHHa 

375 


Mam emam u h eamR 6 uojio 2 ur u duoimtfiopMamuKa. 2012. T. 7 . Nq 2. URL: http://www.matbio.org/2012/Anokhin_7_372.pdf 



AHOXHH h «p. 


cnaiiKa B03HHKaeT b Moaean «aBTOMaTHnecKH», BcneacTBHe HejiHHeiiHOCTH ypaBHeHHH. 

Moaeab XoancKHHa-XaKcnn (X-X) xoporno onncbiBaeT (J)opMy oanHonHoro cnaiiKa, a 
TaK ace MHoacecTBO apyrMx cbohctb, h npH3HaHa HanSonee SHonornnecKM-peneBaHTHOH 
cpean oSmenpHHaTtix Moaeneii cnaflKOBOH anHaMHKH HewpoHa. OaHaKo cpaBHHTeatHaa 
caoacHOCTb stoh MoaeaH orpaHHHHBaeT ee npHMeHeHHe npn CHMynapHH anHaMHKH 
HeflpoHHtix ceTefi, cocToaiipix H3 6oatinoro (>10 3 ) nncna HeiipoHOB. 

B icaaecTBe nonynapHoii Moaean npoMeacyroHHOH caoacHOCTH (Meacay LIF-HenpoHOM h 
M oaeatio X-X) BticTynaeT Moaeat HeiipoHa, npeanoaceHHaa E. M. HacHKeBHneM [39]. 
(Otmcthm, hto OHa naenHO 6aH3Ka k 6oaee paHHeft Moaean OnTpXbio-FlaryMO [40, 41], 
KOTopaa coaepacHT 6oaee BticoKyio, KySnnecKyio, cTeneHt HennHeiiHocTH.) B oTanane ot 
LIF-H eiipOHa, Moaeab HacnKeBnaa naeT peaaHCTHaHyio c[)opMy oaHHoaHoro cnaiiKa, 
oSecneaHBaeT «aBTOMaTHaecKoe» B03HHKH0BeHHe noporoBoro noTeHunaaa, a TaK ace 
no3BoaaeT onncaTb naaeaHyio aKTHBHOCTb oaHoro HeiipoHa [31]. YpaBHeHHa opHrHHaabHOH 
Moaean [39] HMeioT Baa: 


— = (0.04v 2 + 5v + 140) - u + /, 
dt 


du 

dt 


a(bv-u), 


( 3 ) 


c aonoaHHTeabHbiM c6pocoM (bo H36eacaHae pacxoanMocTH) noTeHpaaaa nocae cnaiiKa: 


ecaa v > v peak , to 


fv <— c 
| u ^ — u + d 


3aecb v - noTeHiaiaa MeM6paHbi HeiipoHa b mB, t - BpeMa b mc, u - «nepeMeHHaa 
BoccTaHOBaeHHa», oTpaacaiomaa aKTHBapnio KaaaeBbix h aeaKTHBaunio HaTpneBbix KaHaaoB 
MCM6paHbi h oOecneaHBaiomaa OTpnijaTenbHyio o6paTHyio CBa3b no OTHomeHmo k 
anHaMHKe noTeHunaaa v. BbipaaceHne 0.04v 2 + 5v + 140 noayaeHo nyTeM annpoKCHMapnn 
anHaMHKH B03HHKH0BeHna cnaiiKa b KOpTHKaabHOM HenpoHe (Kpbicbi). IloTeHnnaa noKoa b 
Moaean npnHHMaeT 3HaaeHna b HHTepBaae ot -70 ao -60 mB, b 3aBncnMocTn ot napaMeTpa 
b , onncbiBaiomero ayBCTBHTeabHOCTb nepeMeHHon BOCCTaHOBaetma k noanoporoBbiM 
c])ayKTyaiinaM MeM6paHHoro noTeHpnaaa (rannaHoe 3HaaeHne b = 0.2). KaK h b Moaean X- 
X, Moaeab HacHKeBnaa He coaepacnT noporoBbiil noTCHunaa ncnycicaHna cnaiiKa b Bnae 
nocToaHHoro napaMeTpa, t. e. nopor »BaaeTca cbohctbom awHaMnaecanx ypaBHeHHH: b 
3aBHCHMOCTH ot npeabiaymeii anHaMHKH noTeHunaaa, nopor BapbnpyeTca b HHTepBaae ot 
-55 mB ao -40 mB. IlapaMeTp a onncbiBaeT BpeMeHHoft MacuiTa6 H3MeHeHna u (TnnnaHo, a 
= 0.02). 3HaaeHne v pea k orpaHHHHBaeT aMnaHTyay cnaiiKa (y pea i =30 mB b [39]). IlapaMeTpbi 
c n d 3aaaioT, cootbctctbchho , 3HaaeHHa v n u nocae ncnycKamia HenpoHOM cnaiiKa; nx 
TnnnaHbie 3HaaeHHa c = — 65 mB h d = 2. HaicoHen, nepeMeHHaa / (b nA [42]) onncbiBaeT 
Bxoaamne cnHanTnaecKHe n/nan BHeuiHHe tokh. 

KaK yace OTMeaaaocb Bbirne, BaacHbiM KOMnoHeHTOM aioOoro nccaeaoBaHHa anHaMHKH 
MoaeabHbix HeiipoHaabHbix KyabTyp aBaaeTca Bbi6op Moaean cnHanca, onpeaeaaiomeii 
npeacTaBaeHHe Bxoaamero CHHanTHaecKoro TOKa I syn b ypaBHeHHH anHaMHKH 
TpaHCMeM6paHHoro noTeHpnaaa HeiipoHa. OaHa H3 HanOoaee aacTo ncnoab3yeMbix (])opM 
3anncH 1^ ana cnyaaa HeilpoHHOH ccth, cocToameii H3 N HeiipOHOB, HMeeT BHa [33, 43]: 

N 

I u) = Yw.8(t-t (i) -t. (4) 

syn ij \ sp ij p \ / 

i = 1 

rae W,/ - CHHanTHnecKHH Bee (xapaKTepncTHKa, KonnaecTBeHHO onncbiBaiomaa cnay 
CHHanTHnecKoii cBa3H Meacay i - m npecHHanmaecKHM HenpoHOM h nocTCHHanTnaecKHM 
HeiipoHOM, HMeiomHM «ceTeBoii» HOMep /), 6(...) - aeabTa-cjiyHicHHa /Inpaica, t ( s 'j - momcht 
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HcnycKaHHa cnainca z'-m HeMpoHOM, h t. - 3aaepacxa, Bbi3BaHHaa kohchhoh CKopocTbio 

pacnpocTpaHeHHs cnainca ot z-ro HeftpoHa k j- My. Otmcthm, hto b Taxon (J)opMe 3anncH 
CHHanTHHecKHH Bee Wjj HMeeT CMbica 3(j)(})eKTHBHoro aaeKipHHecKoro 3apaaa, npouieaniero 
nepe3 CHHane b momcht t = t (, 2+t.. . 

S P l J 

Ecjih 3HaneHHa cHHanTHaecxHx BecoB Wy HeiipoHHOH ceTH 3aBHcaT ot cnaiixoBOH 
AHHaMHKH HeMpOHOB, T. e. BBJIBIOTCa (JjyHKIIHBMH BpeMeHH, TO TOBOpJIT O (JzeHOMeHe 
CHHailTHHeCKOH njiaCTHHHOCTH, KOTOpblH Ha ^aHHblfl MOMeHT CHHTaeTCa OCHOBOH a Jia TaKHX 

npou,eccoB xax naMaTb h oSyaeHHe [43], 

H3BecTHo, hto npH nepeaane CHraaiia Meacay HenpoHaMH CHHane pacxoayeT Moaexyabi 
HenpoTpaHCMHirepa (BeipecTBa, axTHBHpyiomero peaenropbi Ha nocTCHHanTHHecxoH 
MeM6paHe). B nepnoa Meacay nepeaaneH cnrHaaoB, xoaHHecTBo HeflpoTpaHCMHTTepa 
BOCCTaHaBJiHBaeTca ao HCKOToporo CTauaoHapHoro 3HaneHHa. OaHaxo, ecjin cnrHajibi 
npoxoA»T AOCTaTOHHo aacTo, to CHHane He ycneBaeT BoccTaHOBHTb pecypc 
HenpoTpaHCMHirepa, Heo6xoaHMbiH ana «nojiHOu,eHHOH» nepeaanH onepeaHoro cnrHajia, 
hto, ecTecTBeHHo, npHBOflHT k yxy^meHHio paSoTbi cHHanca (t. h. cHHanTHnecxoft 
aenpeccHH). CpaBHHTeabHO npocraa Moaeab, onHCbmaiomaa stot npouecc, HMeeT Bna [9]: 


dW u 

eCJIH t = tf p + t-j , TO Wy < (1 — P )Wy , 


( 5 ) 


rae 0 < P < 1 - K03c])(J)HHHeHT HCTomeHHa, W tj - CTauHOHapHoe 3Ha i ieHne cHHanTHHecxoro 
Beca, x - BpeMa BoccTaHOBaemia CHHanca. 

B jraTepaType cHHanTHnecxyio naacTHHHocTb pa 3 aeaaTOT Ha KpaTKOBpeMeHHyio h 
AOJiroBpeMeHHyio. rioa xpaTxoBpeMeHHOH CHHanTHHecxoii naacTHHHOCTbio o6bihho 
noHHMaioT aBaeHHa, Bbi3BaHHbie BanaHHeM nepexoaHbix npoueccoB, cBa3aHHbix c 
nepcaaneM oaHoro CHraaaa nepe3 CHHane, Ha cnocoSHOCTb CHHanca nepeaaBaTb saaaHHyio 
BpeMeHHyio nocaeaoBaTeabHocTb cnrHaaoB. flpyrHMH caoBaMH, b 3thx aBjieHHax CHHane 
BbiCTynaeT b poan nacTOTHoro (})HabTpa [44], CHHanTHnecxyio naacTHHHocTb, 3aBMcamyio 
ot 3aaepacxH Meacay cnaiixaMH npe- h nocT-cHHanmHecxoro HeftpoHOB, h npHBoaamyio k 
aoaroBpeMeHHbiM H3MeHeHHaM CBa3H Meacay HeiipoHaMH, Ha3biBaiOT aoaroBpeMCHHoM. 

OaHoii H3 nonyaapHbix Moaeaen xpaTxoBpeMeHHOH CII aBaaeTca Moaeab Upanxca- 
MapxpaMa [32, 44], aeTaabHO onncbiBaiomaa CHHanTHnecxyio aenpeccnio h 
(JzeHOMeHoaorHHecKH yaHTbiBaiomaa B03pacTaHHe cHHanranecxoH 3c])(j)exTHBHocTH npn 
peryaapHOM, ho HenacroM (t. e., He npMBoaaiueM k CHHanTHnecKOH aenpeccHH) 
«Hcnoab30BaHHH» cHHanca. B nacTHocTH, BbipaaceHHe ana noaHoro Bxoaamero 
CHHanTHaecKoro Toxa aaa j- ro HeMpoHa b ccth m3 N hchpohob HMeeT BHa [32]: 


(«) 

i=l 

rae Ay - MaxcHMaabHoe 3HaneHHe napupaabHoro CHHanTHHecxoro Toxa ot z-ro 

npecHHanTHaecKoro HenpoHa k j- My nocTCHHanTHaecKOMy HefipoHy, a 6e3pa3MepHbifi 
K03(J)(|)HiiHeHT 0 < vyfO < 1 onpeaeaaeT xaxaa aoaa ot A ij aaeT Bxaaa b peaabHbin tok b 

aaHHbifi MOMem BpeMeHH. cDyHKHHTo y tJ (t) HaxoaaT H3 caeayiomeii chctcmbi 
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AH(j)(})epeHLi,HajibHbix ypaBHeHHH [ 32 ] (HHACKCbi i h j onymeHbi): 

dx z 


dt T (e 

^ = _Z + 

dt t t 


-u-x 




w-x-8(i-^), 


dz y z 

^ h *rec ’ 

A = _^ +c/(1 _„ H( ,_ a 

Ui T facil 


( 7 ) 


3aecb x, y u z - aoan CHHanTHnecKHx pecypcoB b BOCCTaHOBJieHHOM (noTeHijHaabHOM), 
aKTHBHOM H HeaKTHBHOM C0CT03HHH, COOTBeTCTBeHHO (x + V + Z = 1 ), U - Ta HaCTb 
BOCCTaHOBJieHHbix pecypcoB, KOTOpaa nepexoaHT b aKTHBHoe cocToamie npn npHxoae 
HOBoro npecHHanTHHecKoro cnaiiKa, t sp - momcht HcnycKaHHa cnaiiKa npecHHanTHnecKHM 
HeiipoHOM, T rec - BpeMa BOCCTaHOBJieHHa nocae CHHanraHecKOH Aenpeccnn (x << 1). ,ZJaaee, 

Tj - xapaKTepHoe BpeMa 3aiyxaHHa nocTCHHanTHaecKoro Toxa, U - K03c[>cI)Hu,HeHT 
B03pacTaHHa BeaHHHHbi it c npHxo^OM Kaac^oro npecHHanTHHecKoro cnainca, x facil - BpeMa 
pejiaKcau,HH BeaHHHHbi u k ncxoAHOMy maneHHio. Otmcthm, hto rannaHoe cooTHomeHne 
BpeMeH peaaKcapHH HMeeT bha t / « x rec < Tf acih npn stom t, ~ 1-10 mc. 

IIpH MO^ejlHpOBaHHH AOHTOBpeMeHHOH CHHanTHHeCKOH naaCTHHHOCTH HaCTO 

Hcnojib3yeTca Moaeab spike-timing dependent plasticity (STDP) [45, 46] h ee MOAH<]:>HKaHHH. 
Moaeab STDP onncbiBaeT H3MeHeHne cHHanTHHecKoro Beca b 3aBHCHMocTH ot 3aaep>KKH 
Meacay MOMeHTaMH Hcny CKaHHH cnaiiKOB npecHHanTHaecKHM h nocTCHHanTHaecKHM 
HenpoHaMH. B aacTHocTH, ecjra B03HHKH0BeHHe cnaiiKa Ha npecmianTHHecKOM HeiipoHe 
npe^mecTByeT reHepau,HH cnaiiKa Ha nocTCHHanTHaecKOM HeiipoHe, to CHHanTHHecKHH Bee 
yBenHHHBaeTca, miaae - yMeHbmaeTca. TaKHM o6pa30M, Moaeab STDP oTpaacaeT npnHHnn 
npHHHHHOCTH: ycHJieHHe cnHanTHnecKon CBa3H nponcxoAHT Toraa, Koraa cnaiiK Ha 
npecHHanTHnecKOM HeiipoHe MoaceT Sbitb npnnnHoii B03HHKH0BeHHa cnaiiKa Ha 
nocTCHHanTHnecKOM HeiipoHe. Ea30Baa (JiopMajibHaa peaaH3au,Ha STDP HMeeT bha [47]: 

f A. (W) ■ exp(-A tlx. ), ecaH At > 0 

A W = \ + F ' + , (8) 

[-Z(JP)-exp(At/x_), ecaH At<0 


rae AW - H3MeHeHne CHHanTnnecKoro Beca, At = tf e> - tf sn - HHTepBaa Meacay 

noaBJieHHeM nocaeayiomHx cnaiiKOB Ha npecHHanTHnecKOM h nocTCHHanTHHecKOM 
HeiipoHax, x + h t_ - xapaKTepHbie BpeMeHa, onpeaeaaiomHe HHTepBaa BpeMeHH, Ha kotopom 

B03M0aCH0 B03HHKH0BeHHe pe3yHbTaTHBHbIX KOppejiapHOHHbIX 3(])(])eKTOB, A+ H A. - 
HeKOTopwe K03(j)(])Hu,HeHTbi, KOTopbie OTpaacaiOT MaKCHMaabHO B03MoacHyio CTeneHb 
H3MeHeHHa CHHanTHHecKoro Beca W h MoryT 3aBHceTb ot ero TeKymero 3HaneHna. J\nn toto, 
HTodbi CHHanTHnecKHe Beca b npou,ecce AHHaMHKH HeiipoHHOH cera He npHHHMaaH 
aHOMaabHbix 3HaneHHH, oSbihho bboaat HHTepBaa W mm <W < W max hx aony cthmbix 

3 HaaeHHH h, COOTBeTCTBeHHO, onpeaeaaioT cjiyHKHHH A + (W) h A (W) caeAyiomHM 
o6pa30M: 

Am=(w m -w)-A + , 

A_(W) = (W-W m J-A_, 

rae A+ h A. - noaoacHTeabHbie KOHCTaHTbi. 
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Phc. 2 . H 3 MeHeHne CHHairranecKoro Beca b Mo^ejin STDP (ypaBHemra ( 8 ), ( 9 )). IlapaMeTpbi: W min = 0 , 
W max = 1 , W= (W min + W max )/2, T + = 30 MC, T_ = 20 MC, A + = 0 . 05 , A_ = 0 . 04 . 

B 3aKjiioHeHHe aaHHoro pa3aeaa KpaTKo paccMOTpHM asa ochobhbix Meraaa 3aaaHHa 
TOnOJIOrHH MOKHCHpOHHblX CBX3eM, THIIHHHO HCnOJIB3yeMbIX npH MO^eJIHpOBaHHH 
cnaiiKOBOH HMHaMHXH HeilpoHaabHbix Kynbiyp. 

IIpaKTHHecKH Bceraa MeacHefipoHHbie cb»3h 3aaaioTca cayaailHbiM o6pa30M. B caMOM 
npocTeiimeM cayaae, xoraa B3aHMHoe npocTpaHCTBeHHoe pacnoaoaceHHe HeMpoHOB 
npeanoaaraeTca HecymecTBeHHbiM npn o6pa30BaHHH MeacHeflpoHHbix cBa3eil, jnoSbie aaa 
HeiipoHa cera o6pa3yiOT oaHOCTopomnoio CHHanraHeexyio CBa3b apyr c apyroM c 
HeKOTopoft BepoaTHocTbio p [11, 16,32], /Ipyn-iM nonyaapHbiM caynaeM, npHMeHaeMbiM, 
xoraa paccToaHHe Me>xay HeilpOHaMH npHHHMaeTca bo BHHMamie, aBaaeTca caeayiomHH: 
CHaaaaa HefipoHbi caynailHbiM o6pa30M pacnpeaeaaroTca no orpaHMHeHHon naocxocra, a 
3aTeM saaaeTca rayccoBO pacnpeaeaeHne (oSbihho c HeHyaeBbiM cpeaHHM 3HaaeHHeM) 
BepoaTHocTH o6pa30BaHna MeacHenpoHHon cBa3n b 3aBncnMocTH ot paccToaHna Meacay 
aByivia HeilpOHaMH [15], 

3. MOflEJIHPOBAHHE 1 1 0 1 1 1 >1 1 1, II 0 1 1 1 1 0 II AKTHBHOCTH HEHPOHAJIbHbIX 

KYJIbTYP 

CHHxpOHH3au,Ha naqeHHOH aKTHBHOCTH OTaeabHbix HeilpoHOB, npnBoaamaa k 
nonyaapHOHHOH naaeaHoil aKTHBHOCTH HenpoHaabHoil xyabTypbT, aBjiaeTca oSbexTOM 
HHTeHCHBHbix TeopeTHHecKHx nccneaoBaHnil. B aacraocra, npeaao>i<eHbi Moaean aaa 
onncaHna (I) npo(})Haa nonyaaanoHHOH «naaxH» [11, 48] h (II) pacnpeaeaeHHa HHTepBaaoB 
BpeMeHH Me>i<ay nocaeayiomHMH naaxaMH Ha ypOBHe HeiipoHa h Ha ypoBHe HenpoHaabHoil 
KyabTypbi [9, 11, 49]. 

B pa6oTe [11] Moaeab LIF-HeilpOHa (ypaBHeHne (1)) h Moaeab CHHanca U,-M (ypaBHeHHa 
(6), (7)) [18] 6bian aonoaHeHbi oaHopoaHbiM pa36pocoM 3HaaeHHH aaexTpHaecxoro 
conpoTHBaeHHa (R m ) MCMSpaHbi HeiipoHa, rayccoBbiM (c HeHyaeBbiM cpeaHHM) bhchihhm 
rnyMOM Ha ypoBHe BHeuiHero raxa (J ex t), a Tax ace BBeaeHHeM anHaMnaecxoro noporoBoro 
noTeHu,Haaa (V,/,) HcnycxaHHa cnailxa, 

r iv U) _ 

= -K -y^V \ h + n,5(( - C )• (10) 

rae xo3(J)(])HH,HeHTbi r| ( cayaailHbiM o6pa30M (oaHopoaHo) BbiSpaHbi Ha OTpe3xe [-0.05, 0.05] 
OTHocHTeabHo Vj/ - CTau,HOHapHoro 3HaaeHna V t h aaa i- ro HeiipoHa cera, i th - BpeMa, 
npHHaToe paBHbiM rannaHoil aaHTeabHoera («HiHpHHe») nonyaaiiHOHHoil naaxn (x lh =100 
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mc). (OcTajibHbie o6o3HaqeHHa aHaaornHHbi Hcnonb3yeMbiM b npeabiaymeM pa3aeae.) 
Otmcthm, hto noaoSHbin BbiSop r\i 03HanaeT, hto b Moaean ecTb asa THna HefipoHOB - y 

o,z];hhx nopor noBbimaeTca b TeHemie nonyaannoHHon nanKH, y apyrnx - noHHacaeTca. 

MoaeabHaa HenpoHHaa ceTb coaepacaaa A = 30 HenpoHOB: 27 B036yacaaroiH,Hx (t. e. 
aaronmx nojioacHTejibHbiii BKaaa b cyMMy b npaBOH Haora ypaBHerora (6), ycnoBHO A.. > 0) h 

3 TOpMCmmHX ( Ay < 0). (IIpH 3TOM 3HaHeHHa BeHHHHH Ay pa3HHHajIHCb B 3aBHCHMOCTH OT 

thiiob npe- h nocTCHHanraHecKoro HenpoHOB.) MeacHenpoHHbie cbh3h 3aaaBaaHCb 
cjiynaHHbiM o6pa30M, c Bepoaraocraio p = 0.25 o6pa30Bamia oaHOCTopoHHeii cbs3h a aa 
jiioSbix aeyx HenpOHOB cera. 

B Kanecrae njioTHocTH Bepoaraocra BHeniHero rnyMa 6bijio BbiOpaHo HopMajibHoe 
pacnpeaeaeHne co cpeaHHM 3HaneHHeM, MeHbmnM, hcm CTannoHapHbin nopor reHepannn 
cnanKa (npn stom ancnepcna pacnpeaeaemra 6biaa Bbi6paHa Tax, hto6bi myM Mor 
npHBO^HTb k cnaiiKaM), noaTOMy cpeaHaa nacTOTa aKTHBannn HenpoHOB b nmepBajiax 
Meacay nonyaapHOHHbiMH nanicaMH Sbiaa HH3Kaa. flaHHoe oOcToaTeabcrao no3Boaaao 
CHHancaM noaHOcraio BOCCTaHaBaHBaraca, hto noBbimaao chhxpohhoctb reHepau,nn 
HenpoHaMH cnanKOB, t. e. cyacaao mnpnHy nonyaannoHHon naHKH. C apyron CTopoHbi, 
pa36poc 3HaHeHHH R m ana Kaacaoro HenpoHa yMeHbinaa Koppeaannio aKTHBHOCTH HenpoHOB 
b nponecce oaHoro «naneHHoro» coObiraa. CoBOKynHbiii 3(l)(|)eKT, c aonoaHHTeabHbTM 
yneTOM anHaMHHecKoro nopora (ypaBHeHne (10)), npnBoana k yaoBaeraopHTeabHOMy 
cxoacray c 3KcnepnMeHTajibHbiMH AaHHbiMH (pnc. 3 A-C). 

B npe^BapHTeabHOH cepnn SKcnepHMeHTOB aBTOpbi [11] oOHapyacnan, hto 
pacnpeaeaemra pa3H0CTeii nocaeayronpix HHTepBaaoB Meacay cnanKaMn oTaeabHbix 
HenpoHOB (npn reHepannn nonyaannoHHOH nanKn) n pa3HOCTen nocaeayromHx HHTepBaaoB 
Meacay nonyaapnoHHbiMn nanKaMn xopomo onncbiBaioTca pacnpeaeaeHHeM JleBH (Levy), 
KOTOpoe, b nacTHOCTH, HMeeT SecKOHeHHyio ancnepcmo n CTeneHHon «xboct» (J)yHKu,HH 
pacnpeaeaemra. OTMeTHM, hto ncnojTb30BaHne ynpoineHHon Moaean cnHanca (ypaBHeHne 
(5)) b npeabiaymnx paSoTax (HanpHMep, b [9]), b OTamine ot pe3yabTaTOB MoaeanpoBaHna 
[11] (pnc. 3 D, E), npnBoanao k OTcyTCTBHio CTeneHHoro «XBOCTa» y cjryHKHHH 
pacnpeaeaeHna, T.e. k HeeooTBeTCTBHio c pe3yabTaTaMH SKcnepnMeHTOB. 

CnoHTaHHaa cnanaoBaa aKTHBHocTb HeiipoHOB h, b hbcthocth, cnoHTaHHaa «naneHHaa» 
aKTHBHOCTb peaoir HenpoHaabHOH KyabTypbi, oObihho MoaeanpyeTca c noMombio rnyMa 
BxoaHoro «BHeuiHero» Toaa (ypaBHeHHa (1-3)). B pa6oTe [48] paccMOTpeH aabTepHaraBHbrir 
noaxoa aaa noayneHna «naneHHOH» nonyaarjHOHHOH aKTHBHOCTH - Haannne b Heirpomroir 
cera He6oabmoro KoannecTBa neitcMeKepm>rx (aHra. pacemaker) HeiipoHOB [50-52], 
cnocoSHbix cnoHTaHHO, c onpeaeaeHHoir nacTOTOH, reHepnpoBara cnamcn. Kai< n b 
npeabiaymen paSoTe [11], aBTopw [48] oTMenaroT, hto HHayanna aKTHBHOCTH ceTH myMOM 
npnBoaHT k HepeaancTHHHOMy npo(|»Haio nanenHon nonyaannoHHon aKTHBHOCTH, npn 3 tom 
BH eapeHne HenpoHOB-nencMeKepoB npnBoanT k cymecTBeHHo 6oaee peaancTHHHOMy 
npo([)HaK). 

B nacTHOCTH, MoaeabHaa HenpoHHaa ceTb b [48] cocToaaa m N = 5000 HenpoHOB, 
caynanHbiM o6pa30M coeaHHeHHbix apyr c apyroM. BbrOpamraa Tonoaorna cera oraeceHa 
aBTopaMH k rany scale-free network (cera 6e3 xapaKTepHoro MacmTa6a), hto 03HanaeT, hto 
aoaa P(k) y3aoB cera, hmckhhhx k CBa3eir c apyrHMH y3aaMH, npn Ooabmnx 3HaneHHax k 
3aaaeTca BbrpaaceHHeM P(k)~ck~ y , rae c - HOpMHpoBOHHaa KOHCTaHTa, a napaMeTp y>0 
o6bihho aeacHT b HHTepBaae 2 < y < 3 . Tonoaorna cera onpeaeaaaacb asyMa napaMeTpaMH: 
1) MaKCHMaabHbiM nncaoM K max CHHaneoB npHxoaamnxca Ha oanH HeilpoH h 2) 
MaKCHMaabHon 3aaepacKoir D max 3a cneT pacnpocTpaHeHHa cnanKa no axcoHy HefipoHa. 
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Time[msec] 


Phc. 3. (CneBa) PacnpefleaeHne nojiHoro Hncjia cnanicoB BHyipn nonynapHOHHofi nauKH: (A) 
3KcnepHMeHTanbHbie aaHHbie; (B) pe3yjibTaTbi MoaejinpoBaHna c yneTOM BHeniHero myMa, ho 6e3 yneTa 
pa36poca no R m h AHHaMnnecicoro nopora V,h(t); (B) to >Ke, ho c yneTOM h pa36poca no R m , h 
AHH aMHnecKoro nopora. (CnpaBa) njioTHocTb c|)yHKnnn pacnpeflejiefflni BepoaTHocra (aHrn. probability 
density function - PDF) ajisl (D) pa3H0CTen nocneflyrouinx HHTepBanoB Meayiy cnanicaMH OT/iejTbHbix 
HefipoHOB (npn reHepau,HH nonyjian,HOHHOH nauKH) h (E) pa3HOCTen nocaeflyiouiHx mrrepBajioB Moiety 
nonyjiau,HOHHbiMH nanKaMH. OKpy>KHOCTH - aaHHbie MOfleanpoBaHHa, HenpepbiBHbie jihhhh — 
pacnpeaejieHHH JleBH. Bee pHcymcn b3htm H3 [11]. 

Hhcjto cHHancoB y .qamroro HefipoHa h 3a^ep>KKa ^jia KaacAofi MeacHeftpoHHOH cb33h 
BbiSnpajiHCb cjiynaHHbiM o6pa30M H3 HHTepBajiOB (0, K max ) h (1, D max ) mc, cooTBeTCTBemio. 
IIOJIHOe HHCJIO HefipoHOB C0CT03JI0 H3 AOJIH R B036y>K/taK)mHX HeftpOHOB H (l-R) 
TopM03»mHx HeitpoHOB (thii HeiipOHa, «B036yacAaioii],HH»/«TopM03amHH», onpe^ejiajica 
3 H 3 KOM «+»/«-» nepe,q cHHanraHecKHM BecoM, cooTBeTCTBeHHo). B KanecTBe ^HHaMHHecKofi 
MO^ejiH OT^ejibHoro HeftpOHa Hcnojib30Banacb MO^ejib HacHxeBHHa [ 39 ], 

U,ejibK) cTaTBH 6buro nccue^oBaTb (JtopMy nonyjiapHOHHbix nanex (pnc. 4) b 3aBHCHM0CTH 
ot napaMeipoB K max , D max h R pjin Tpex cxtynaeB. 

(I) CTapnoHapHaa (b cpe^HeM) cnaftKOBaa aKTHBHocTb HeftpoHHoft cera B03HHKaeT 3a 
cneT myMa Ha ypOBHe nocTCHHanTHuecKHx noTeHijHajiOB ana Kaamoro HeiipoHa. IlIyM 
MOAeanpyeTca nocae^oBaTeabHocTbio npaMoyrojibHbix HMnyjibcoB ^aHTeabHocTbio 1 mchc 
aMnnHTy^aMH, HopManbHO pacnpeaejieHHbiMH b HHTepBajie 0-8 mB. IIpOMeacyTKH Meac^y 
HMnyabcaMH 3a,qaBajiHCb nyaccoHOBCKHM pacnpe^eaeHHeM, co cpe^miM 3HaaeHHeM J 
nacTOTbi cae^OBaHHa HMnyabcoB, KOTopoe BapbHpOBanocb ot 0 1 kFu. CHHanTtmecKHe 

Beca SbTJTH Bbl6paHbI CTaTHH eCKHMH , HO npn 3TOM CHHanTHHeCKHe TOKH (cm. ypaBHeHHe (4)) 
bo Bcex Tpex cjiyaaax hmcjih aonoaHHTeabHyto pejiaiccaijHOHHyio .zjHHaMHKy - b OTcyTCTBHe 
npnxo^autHx cnaHKOB 3HaneHHe CHHanTHnecKoro Toica 3KcnoHeHijHajibHo (a He MraoBemro) 
cna^ano ao Hyna. 
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Phc. 4. Tomcne jihhhh 3ejieHoro ijBeTa - ornGaiomne («(j>opMbi») TnnnnHbix nonyjnnjHOHHbix nanex, 
Ha6jiiOAaeMbix b 3xcnepnMeHTax [48], BbipaBHeHHbie no cbohm nnxoBbiM 3HaneHHflM. OcHOBHyio (j)a3y 
(main phase) oiyjejibHon nanxn, Bbi^ejieHHon tojictoh cnHen jiHHnen, xapaKTepH3yiOT TpeMfl 
napaMeTpaMn: MaxcnMajibHon aMnjiHTyzjon nnxa (mFr), mnpHHon B03pacTaiomeH nacra Ha nojiyBbicoTe 
(Rs) n mnpHHon ySbiBaiomen nacra Ha nojiyBbicoTe (Fs). PncyHOK b3at H3 [48]. 

(II) Bo BTopoM caynae cTaipioHapHaa cnaincoBaa aKTHBHocTt cera 3aaaBaaacb 
HeMpoHaMH-neHCMeKepaMH, KOToptie b OTcyTCTBHe Bxoaamnx CHriiajiOB ot apyrnx 
HefipoHOB reHepHpoBajiH cnafiKH c nacTOTaMH b anana30He ot 0 ao 0.26 Tu;, npn otom myM 
OTcyTCTBOBaji (J = 0) rjw Bcex HefipoHOB. CHanaaa aoaa neficMeKepHtix HefipoHOB 
BaptHpoBajiact ot 12% ao 16% (ot o6mero nncna HefipoHOB b cera), a hx Hcxoaamne 
CHHanranecKHe Beca BbiSnpaancb H3 anana30Ha [0, 1] mB oanHaKOBoro ana Bcex HeiipoHOB. 
3aTeM aoaa neftcMeKepoB 6bura 3aaaHa 4%, c ncxoaamnMH cHHanranecKHMH BecaMH H3 
anana30Ha [0, 3] mB, t. e. HMeiomHMH b cpeaHCM BTpoe 6ojibinee 3HaneHHe, neM Beca 
CHHancoB, cBa3biBaTomne asa oSbiHHbix HefipoHa. Kax h b nepBOM caynae, Bee 
CHHanranecKHe Beca 6bian CTaranecKHMH. 

(III) Tperafi caynaft oTannaeTca ot BToporo aHuib TeM, nro Tenepb 6 bijth paccMOTpeHbi 
OTHaMHaecKHe CHHanranecKHe Beca b ancKperaoH peaaH3auHH Moaean IJoaHKca-MapKpaMa 
(ypaBHeHHa (6), (7)) h HHTepBaa 3HaneHHH «Hcxoaamnx» cHHanranecKHx BecoB HefipoHOB- 
neiiCMeKepOB aonoaHMTeabHO yBeanneH b neraipe pa3a, ao [0, 12] mB. 

flan Kaacaoro H3 oimcaHHbix Bbirne caynaeB napaMeTpbi K max , D max h R BapbHpOBaaHCb 
caeayiomHM o6pa30M: K max - b HHTepBaae ot 100 ao 1100 c rnaroM 100, D max - ot 5 ao 25 
mc (npn mare CHMyaapnii dt= 1 mc), R - 70, 80 h 90%. 

3KcnepHMeHTaiibHbie pe3yabTaTbi, c kotopbimh cpaBHHBaaHCb pesyabTarai 
MoaeanpoBaHHa, 6bura 3anncaHbi c MEA, coaepncameft 60 aaeKTpoaoB. IIoaraMy b 
CHM yaau,Hax 6biJio BbiSpaHO TaKoe ace mannecTBO HenpOHOB ana perHCTpauHH 
nonyaapHOHHOH cnaHKOBofi arraBHOcra. B nacraocra, Kancayw MHHyTy CHMyaapHH 
cjiyaaHHbiM o6pa30M BbiSnpanHCb 60 HeMpoHOB h, xoraa KaacabiH H3 BbiSpaHHbix HeMpoHOB 
HcnycKaa b cpeaHeM no 2 cnanica b HHTepBaae 10 mc, perncTpnpoBajiacb nonyjiapnoHHbie 
nanKa. Otmcthm, hto npo(J)nnb naneic aonoaHMTeabHO crnaacHBanca c noMombio 
rayccoBCKoro (j)HnbTpa (ninpnHOH 5 mc). 

Pe3yabTaTbi nncneHHbix SKcnepnMeHTOB c Moaenbio npeacTaBneHbi Ha pnc. 5 (ana 
cnynan (I)) n pnc. 6 (aaa caynaeB (II) n (III)). H 3 neBoft nacra pnc. 5 BnaHO, hto cpeaHaa 
nacTOTa reHepannn cnanKOB n, cootbctctbchho, B03HHKHOBeHne nonyaannoHHbix nanex, 
noporoBbiM o6pa30M 3aBncaT ot cpeaHen nacTOTbi rnyMa. Ilpn 3tom (j)opMa nanKH b 
CHMyaaanax cymecTBeHHO oxannaeTca ot SKcnepHMeHTaabHbix HaSaioaeHHH (BCTaBKa Ha 
pnc. 5 cnpaBa). Ecan b cera npacyTCTByiOT HeHpOHbi-neHCMeKepbi, to nepeaHHH (})pOHT 
naHKH cTaHOBHTca 6oaee peanncranHbiM, oaHaKo 3aaHHH (})poHT no npeacHeMy He 
cooTBeTCTByeT pe3yabTaTaM 3KcnepnMeHTOB : MoaeabHaa nonynaijHOHHaa nanKa noaynaeTca 
CHMMeTpHnHofi , b to BpeMa Kax b 3KcnepHMeHTax 3aaHHH (])poHT nanKH HMeeT He6oabmoe 
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«nnaTO». Abtoph npe^nojiaraiOT, hto sto pacxoameHHe MoaceT 6biTb Bbi3BaHO .aByivia 
IipHHHHaMH : 1) CTOXaCTHHHOCTbK) H He3aBHCHM0CTbK) 3a^aHHfl MOKHenpOHHblX CBX3eM H 
aKcoHajibHbix 3a^ep>KeK b MOflenbHOH HeflpoHHofi cera, t. e. oTcyTCTBHeM b Mo^enH 
HH(j)opMaiiHH o TononorHH peanbHOH SHOJiorHHecKoii HeftpoceTH; 2) cjihihkom ManbiM 
HHCJIOM HeMpOHOB B MO^ejIbHOH CeTH. 




Phc. 5. CneBa: (BBepxy) KoM6HHiipoBaHHbiH pacTp nonyjwpHOHHOH cnaitKOBOH aKTtiBHocTii, 

nonyqeHHbffl npn m oaea hpobbhh h ^HHaMHKn HeiipoHHOH cexn c nyaccoHOBCKHM «BHyrpeHHiiM» myMOM 
(cm. cjiynaH (I) b TeKCTe) npw naaBHOM yBejimemm cpeaHefi xacxoxbi J myMa. OpaxMembi pacTpa 
(flJIHTejIbHOCTbK) 400 MC K3>K,XbIH), COOTBeTCTByiOII],He IIOCTOHHHOMy BHaxeHHM J, OTfleaeHbl apyx OT 
flpyra BepTHKanbHbiMH nyHKTHpHbiMH jihhhhmh. (Bmoy) CruioixiHaa KpiiBaa - cpeaHaa (b HHTepBajie 
100 mc npn nocTOHHHOM SHaxeHHH J) qacxoxa HcnycKamui cnaiiKOB Kan ([ymama cpeaHefi xacxoxbi 
myMa, nymcmpHaa iqiMBaa - cxaHaapxHoe OTKJiOHetme. JIhhhh Meatfly BepxHHM n hibkhmm rpa(J)HKaMH 
noKa3biBaK>T aHaqemia J, ncnojib3yeMbie npn aaimcxi cooTBeTCTByiomux (jjparMeHTOB pacTpa 
nonyjwpHOHHOH aKTHBHOcra. CnpaBa: TmraqHbiH npo(})Hiib nonyjwpHOHHOH naxKH b cjiyaae (I) npn 
K max = 1000, D max = 15 mc, h R = 70%. Mepmia nymcmpHaa jiimtia - cxaxucxnqecKaa Me/piaHa, aepHbie 
cnaomHbie jihhhh - nepueHXHjin. BcTaBKa: Mofle.xbHbie (KpacHbie jihhhh) h 3 kc nep h mc Hxajr b h bie 
(xepHbie jihhhh) neppeHTHjiH h MefliiaHbi ana thiiiihhoh (JjopMbi nanKH. Bee pHcymoi Bxaxbi H3 [48], 

OpnrHHajibHbiH no^xo^ k 3a^a L ie o bjihbhhh TononornH HeMpoHajibHoM KyjibTypbi Ha ee 
cnaHKOByio aKTHBHocTb paccMOTpeH b cTaTbe [49]. B oTjiHHHe ot .zjpyrnx pa6oT, b 
SojIbHIHHCTBe KOTOpbIX paCCMaTpHBaiOTCfl «TOHeHHbie» MO^eJIH HeMpOHa (t. e. MOflejIH, He 
yHHTbiBaioHiHe ero npocTpaHCTBeHHoft cTpyKTypbi), aBTopbi c(})OKycHpoBajiHCb Ha 3(])(|)exTe 
o6pa30BaHHfl MOKHeMpOHHblX CBB3eil 3a CHCT BeTBflm,HXCB aeHflpHTOB HeilpOHa. OKa3ajIOCb, 
hto yBejiHHeHHe HHCJia .neApnTHbTx BeTBeft HenpoHa, THnHHHoe npn (})opMHpoBaHHH 
SHOJIOrHHeCKOH HeHpOHHOH CeTH, npHBOflHT K CymeCTBCHHOMy H3MeHeHHK> CnaHKOBOH 
^HHaMHKH, Kax Ha ypoBHe OT^ejibHbix KjieTOK, Tax h .zpia Been cera. 

B HaCTHOCTH, aBTOpaMH paSOTbl C nOMOmbK) nOKpblTHB nOJIH-L-JIH3HHOM TOJIbKO 
3JieKTpoaoB MEA, yqanocb BbipacTHTb HeftpoHajibHyio KyjibTypy, cocToamyio H3 
nepnoOTHecKoro MaccHBa KJiacTepoB HeMpoHOB (pnc. 7 cneBa). Kaambiil KJiacTep coaepacarr, 
b cpe^HeM, no 60 HefipoHOB. npn stom njioTHocTb cBa3eft Meac^y HeiipoHaMH BHyTpn 
KJiacTepa 3Ha L iHTejibHO (He MeHee, neM Ha o^hh nopa,goK BejiHHHHbi) npeBoexo^HJia, 
nilOTHOCTb CB33eH Me>K^y KJiaCTepaMH (KOTOpbIX Tax >Ke 6bIJIO 60, B COOTBeTCTBHH C HHCJIOM 
3JieKTpo^OB MEA). B tbkhx ycnoBHax B3aHMO^,eHCTBHe Me>Kay HeiipoHaMH BHyipn 
KJiacTepa, ohcbm^ho, npoHcxo^HT ropa3AO name (H3-3a 6ojibmoH hjiothocth MeacHeflpoHHbix 
CBfl3eii) h SbiCTpee (Manaa OTHHa CBa3en), L ieM Me>xay HeiipoHaMH, npHHafljie>Kau],HMH ^ByM 
pa3HbiM KjiacTepaM. Otmcthm, hto Tononorna cBa3efi Meac^y KjiacTepaMH b HeaBHOM BH^e 
(t. e. 6e3 BbiHHCJieHHa CTaTHCTHHecKHx xapaxTepHCTHK) 6bma OTHeceHa k rany small- world 
network, Kor.ua b cera cytpecTByeT HexoTopaa ^oaa cBa3efi, Henocpe^cTBeHHo 
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coe^HHaiomHX y3HBi, Haxoaamneca aaaeico apyr ot apyra. 




Phc. 6. TnnHHHbie npoc|)HjTH nonynaiiHOHHBix naneK npn HcWhhhh h e ii p o h o b - n e h c m e k e p o b (no 
aHanornn c pnc. 5 (cnpaBa)). CjieBa: Cnynan (II) cTaTiiHHbix cHHanTHnecKHx BecoB; K max = 1100, D max = 

15 mc, R = 70% n 14% nencMeKepHBix HenpoHOB. Ha BCTaBKe cneBa: MoaeJibHbie (cnHne jihhhh) h 
3KcnepHMeHTanbHbie (nepHbie jihhhh) neppeHTnnn n MejniaHbi. CnpaBa: Cnynan (III) ^HHaMnnecKHx 
cnHanTnnecKHx BecoB; K max = 1000, D max = 15 mc, R = 80% n 4% nencMeicepHbix HenpoHOB c 
yBenHHeHHblMH «HCXOflHUIHMH» CHHailTH L ieCKHMH BeCaMH (CM. OCHOBHOH TeKCT). Ha BCTaBKe cnpaBa: 
MoflejibHbie (KpacHbie jihhhh) h OKcnepHMeHiajibHbie (nepHbie jihhhh) nepueHTinm h MeanaHbi 
npo<j)HJiH nonyjianHOHHOH nanKii. Bee pucyHKH b3htbi H3 [48]. 

JS , aa oimcaHHs o6o6meHHOH cnafixoBon aHHaMHXH Ha ypoBHe OTaeaBHoro KjiacTepa 
aBTOpbi BBejiH KOHuenuHio MeTa-HeMpoHa, t. e. aHcaMSaa H3 HeSoaBinoro nncjia peaaBHBix 
HenpoHOB, BbinonHaiomHx o^Hy MaKpocKonHHecKyio (JiyHxijHK). (PaxTHHecxH, Moaeab MeTa- 
HeiipoHa 6bma peajiH30BaHa b nporpaMMHOM naKeTe NEURON [53] b bhjiq 
MHoroKOMnoHeHTHoro HefipoHa (cocToamero H3 KOMnoHeHT - combi, aKcoHa h aeHapHTOB) 
HMeiomero xoHeaHBie npocipaHCTBeHHbie pa3Mepbi (HanpHMep, pa3Mep combi 6biji BBiSpaH 
c onocTaBHMBiM c pa3MepoM aaexTpoaa MEA). 

PacnpocipaHeHHe saexTpHnecxHx HMnyjibcoB no MeMSpaHe combi h aKCOHa 
onHCBiBajiocb b paMKax Moaean XoaTxxmia-XaxcaH [37], a no aeHapHTaM, HeBeTBamneca 
ynacTKH KOTOpbix annpoKCHMnpoBajincB nnjMH^paMn, - b paMxax Teopnn naccnBHoro (t. e. 
b caynae, xoraa aaexTpnnecxoe conpoTHBjieHne MeM6paHBi aeHapnTa He 33 bhcht pa3H0CTH 
noTeHnnajiOB Meacay ocHOBaHnaMn anaHHapa) aaexTpHnecxoro xa6eaa [54], 

/],HHaMHKa CHHanca onncbiBajiacb oaHoft nepeMemioH - oTHomeHneM nncjia penenTopoB, 
CBa3aHHBix c MOJieKyjiaMH HenpoTpaHCMHirepa, k nojmoMy nncjiy peaenropoB Ha 
nocTCHHanTHHecKoft MeM6paHe [54], floaa cBa3aHHBix peuenTopoB, xax (Jiymcana BpeMeHH, 
onpeaeaaaacb H3 an<])(|>epeHii;HaaBHoro ypaBHeHHa nepBoro nopaaxa, aHaaornnHoro 
ypaBHeHHaM (2) ^aa bopothbix nepeMeHHBix b Moaean XoaacxHHa-Xaxcan . 

Mo^ejibHaa HeiipOHHaa ceTB cocToaaa H3 60 MeTa-HeiipoHOB, peryaapHO 
pacnoaoacemiBix Ha naocKocTH (pnc. 7 cnpaBa), 60-75% H3 KOTopbix 6 bihh 
B 036yacaai0Hi;HMH, a ocTaaBHBie - TOpM03ani;HMH. Tonoaorna ccth saaaBaaacb aeyMa 
pa3HHHHBiMH cnoco6aMH. (I) MeacHeftpoHHBie cBa3H (JiopMHpoBajiHCB no npaBHjiy «o^hh - co 
MHorHMH», xoraa xaacaBiii MeTa-HeiipoH Mor o6pa30BBiBaTB Hecxoabxo (He 6oaee 30) 
caynaiiHBix cBa3eft (xax B036yacaaiomHx, Tax h TopM03amHx) c coceaHHMH MeTa- 
HeiipoH aMH , a Tax ace HeSoabinoe xoannecTBO CBa3en c hioSbimh apyrnMH MeTa-HenpOHaMH 
BHe 33BHCHMOCTH ot paccToaHHa ao hhx. TaxHM o6pa30M, neM 6anace apyr ot apyra 
h axoanancB aea MeTa-HenpoHa, TeM Soabinee nncao CBa3eii 6biao Meacay hhmh. (II) ,Z)aa 
opeHXH nanaHna TonoaorHH cera Ha ee aonaMnaecxHe CBoiicTBa, npeatiaymee npaBHao 
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o6pa30BaHH5i MemieHpoHHBix CB5i3eH 6 bijio 3aMeHeHO «o,z];hh - c coceAflMH)), xor^a Ka^c^BiH 
MeTa-HeftpoH CB5i3aH tojibko c 6jiH)KaHmHMH coce^MH, t. e. HMeeT 8 hcxo^ii^hx CBH3efl. 



Phc. 7. CneBa: OoTorpatjmji nepH0AHHecKH-KjiacTepH30BaHH0H HenpOHajibHOH KyjibTypbi 

(KopTHKajibHbie HenpOHbi Kpwcbi, MeHee 3 He^ejib in vitro) Ha noBepxHOCTH MEA. KjiacTepbi HeiipoHOB 
pacnojio)KeHbi Ha ajieKTpoAax MEA. JlHHeinca 100 mkm. CnpaBa: (BBepxy) npaBHjio cbjbh «oahh - co 
MHorHMH» (aHrji. one-to-many, OTM). KpacHaa TOHKa H3o6pa»caeT BbiAejieHHbiH MeTa-HenpoH, 
COeAHHeHHblH CO MHOrHMH ,I],pyrHMH MeTa-HeilpOHaMH, o6o3HaHeHHbIMH CHHHMH TOHKaMH. Pa3JIHHHaH 
TOJini,HHa CBfl3eii MOK^y TOHKaMH OTpa)KaeT nojiHoe hhcjio cbh3ch MOK^y AByM^i HenpoHaMH: neM TOJime 
jihhha, TeM 6ojibme CBJi3eH. (BHH3y) npaBHjio cb^3h «oahh - c coce^MH» (aHrji. one-to-neighbors, 
OTN). Bee pHCyHKH B3flTbI H3 [49]. 




Phc. 8. CnaHKOBaa aKTHBHOCTb o^Horo H30JiHpOBaHHoro MeTa-HeiipOHa, b otbct Ha o#Hy h Ty hkq 
BHeiHHIOK) CTHMyjI^H,HK) (HMnyjIbC TOKa ^JIHTeJIbHOCTbK) 100 MC), B 3aBHCHMOCTH OT HHCJia ^eH^pHTOB 
HeilpoHa (BCTaBKH b BepxHeM npaBOM yray Ka^oro rpatjmica): (A) o#Ha ^eH^pHTHa^ BeTBb, (B) #Be, (C) 
mt b, (D) ^eBHTb. Ka)KAbiH HeBeTB^HiHHC^ ynacTOK ^eH^pHTa co,i],ep}Kaji o^hh «bxoa^h;hh» CHHanc (E - 
B036y>K^aK)H],HH, I - topmo3^h;hh). BHemrora CTHMyji^BH^ no^aBajiacb Ha Bee BxoA^rane CHHancbi 
OAHOBpeMeHHO. Bee pHCyHKH B3flTbI H3 [49]. 
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B 3aBHCHMOCTH OT HHCJia A^HApHTOB, a TaK ace OT KOJIHHeCTBa 

B036y>KaaiomHx/TOpM03flii],Hx CHHancoB npuxo/mmMxca Ha KaacAbiil achapht, MeTa-HeiipOH, 
B OTBeT Ha CTHMyjiapHK) npaMOyrOHBHBIM HMnyjIBCOM TOKB AJIHTejIbHOCTbK) 100 MC, 
.ZieMOHCTpHpOBajI pa3JIHHHbie BHAbI OTBeTHOH CnaHKOBOH aKTHBHOCTH (pHC. 8), nOSTOMy 
6bijih paccMOTpeHbi 4 cera, cocToamne H3 MeTa-HeftpoHOB, HMeiomHx oAHHaKOBoe hhcjto 
AChaphtob (pnc. 9). J\jik MO^ejinpoBaHHa HC3aTyxaiomeM cnanKOBOM aKTHBHOCTH 
HefipoHHOH ceTH, b KaacAyio KOMnoHeHTy MeTa-HefipoHa Ha ypoBHe hohhbix KaHanoB, 
3aaaiou],Hx tok yTenKH b MO,n,ejiH Xo^>KKHHa-XaKCJiH, 6biji aoOaBJieH rayccoBCKHH hctohhhk 
rnyMa. PerHCTpauna cnafiKOBOH aKTHBHOCTH npoBOAHJiacb c oahoto, cjiynaftHo Bbi6paHHoro 
b ceTH, MeTa-HeiipOHa (pnc. 9). nanenHaa aKTHBHOCTb HaOmo^ajiacb xax Ha ypoBHe 
OT^ejTBHbix MeTa-HenpoHOB, Tax h Ha ypoBHe uejroH ceTH. OKa3anocb, hto cnafiKOBaa 
aKTHBHOCTb MCTa-HCHpOHOB H CeTH CymeCTBCHHO 33BHCHT OT CJIOaCHOCTH AGHApHTHOTO 
AepeBa MeTa-HeftpoHa. B hbcthocth, xor^a KaacAbift MeTa-HeftpoH HMeji jumib oahh achapht, 
HaOjHO^ajiacb cjiaOaa aKTHBHOCTb, b bmac peAKHx anepHOAHHHbix cnanKOB (pnc. 9 A). B 
cjrynae Tpex achaphtob Ha MeTa-HeftpoH, npn Tex ace napaMeTpax HCTOHHHKa rnyMa 
B03HHKajia aacTaa nepHOAHHecKaa aKTHBHOCTb (pnc. 9 B). Ilpn flajibHeilmeM yBejiHHeHHH 
HHCJia ^eH^pHTOB MeTa-HefipoHa aKTHBHOCTb CTaHOBHjracB nanenHOH (pnc. 9 C h D). TaKaa 
3aBHCHMOCTb corjiacyeTca c 3KcnepHMeHTajibHbiMH ashhumm o6 H3MeHeHHH xapaKTepHoii 
cnoHTaHHOH cnafiKOBOH aKTHBHOCTH HefipoHajibHOH KyjibTypbi b 33BHCHMOCTH ot ee 
B03pacTa (pnc. 10). 

B KanecTBe AonojiHHTejTbHOH npoBepKH aBTopbi npoMOAejiHpoBajiH AHHaMHKy ceTH, 
o6pa30BaHHoii H3 60 «ToneHHbix» HeilpoHOB (cooTHomeHHe B036yacaai0HiHx h T0pM03am,Hx 
HenpoHOB He H3MeHajrocb), onncbiBaeMbix Mo^eabio HacmceBHHa, c TonojrorHeH 
MeacHeMpoHHbix CBa3eii, no-npeaoieMy onpejjejiaeMOH npaBHJiOM «oahh - co mhothmh». 
OKa3ajiocb, hto b ihhpokom AnanaBOHe napaMeTpoB cnafiKOBaa aKTHBHOCTb ceTH He 
ACMOHCTpHpyeT nanKH, a jihhib H3MeHaeTca, npn yBejiHneHHH aMnjnnyAbi rnyMa, ot peAKofi 
anepHOAHHeCKOH K HaCTOfi nepHOAHHeCKOfi (TOHHHeCKOfi) aKTHBHOCTH, B KOTOpofi 
ynacTByiOT cpa3y Bee HeilpoHbi ccth. OTcyTCTBHe naneic 6bmo CBHBaHO co cjihuikom ManbiM 
KOJTHHeCTBOM MOAeJIHpyeMblX «TOHeHHbIX» HefipOHOB. 



3 Dendrites 


mm 




9 Dendrites 




47.0 47.5 48.0 48.5 49.0 47.0 47.5 48.0 48.5 49.0 


Time (s) 


Time (s) 


Phc. 9. CnaiiKOBafl aKTHBHOCTb oahoto H3 MeTa-HenpOHOB b mo^cjibhoh ceTH, co3abhhoh no npaBHjiy 
«OAHH - CO MHOTHMH)), B 3aBHCHMOCTH OT CJIO)KHOCTH ACHApHTHOTO AepeBa: (A) OAHa AeHApHTHafl BeTBb, 

(B) ABe, (C) naTB, (D) AeBiiTb. Bee pncyHKn b3otw H3 [49]. 
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CnaihcoBaa ^HHaMHKa ceTeft, b KOTOpbix Tononoraa CBa3eft Me>Kay MeTa-HeiipoHaMH 
6bma 3a^aHa npaBHJiOM «ooth - c cocea,aMH», KanecTBeHHO OTJiHHajiacB h ot pe3yjibTaTOB 
MO^eJIHpOBaHHa C npaBHJiOM CB33HOCTH «OAHH - CO MHOrHMH» (pHC. 11) H OT 
SKcnepHMeHTajibHbix pe3yjibTaTOB. TaKoe pacxo>K,z],eHHe no^TBepacflaeT c^ymcpHOHajiBHyio 
BaacHocTb HajiHHHa cBsnen Meac^y MeTa-HeftpoHaMH (hjih hchpohhbimh icjiacTepaMH), 
Haxo^amHMHca Ha othochtcjibho 6ojibuiom paccToaHHH apyr ot jipyra. 




Phc. 10. PacnpeACJieHHe HHTepBajiOB MeyKjsy nonyjnmnoHHbiMH nanxaMH. KpacHbie cnjioniHbie jihhhh - 
pe3yjibTaTbi MO^ejinpOBaHmi jyni cera, co3AaHHOH no npaBHjiy «oahh - co MHornMH», rncTorpaMMbi - 
3KcnepHMeHTajibHbie ^amibie. CneBa: rjix Mo^ejibHon cera H3 MeTa-HenpoHOB c oahhm ^oh^phtom h 
peajibHon HenpOHajibHon KyjibTypbi B03pacT0M 14 ^Hen (aHrji. days in vitro, DIV). CnpaBa: rjik 
MO^eJIbHOH CeTH H3 MeTa-HeHpOHOB C MTbK) ^eH^pHTaMH H HenpOHajiBHOH KyjibTypbi B03paCT0M 27 
AHen. Bee pneymen b3htbi H3 [49]. 



Phc. 11. 3aBHCHMOCTb cpeAHen nacTOTbi reHepaann cnanxoB (aHrji. mean firing rate, MFR) n cpeaHen 
nacTOTbi reHepan,nn nonyjnnjHOHHbix nanex (aHrji. mean bursting rate, MBR) ot KOJinnecTBa aeHApnTOB 
MeTa-HenpOHa rjix ceTeii, co3aaHHbix no npaBHjiy «oahh - co mhothmh)) (cneBa) n no npaBHjiy «oahh - c 
cocejpiMH» (cnpaBa). Bee pneymen B3HTbi H3 [49]. 


J\jl% HCCJieAOBaHHH npOAOJDKHTeJIBHBIX AHHaMHHeCKHX H3MeHeHHH, npOHCXOAflHJHX B 
HenpOHajiBHOH KyjiBType npH bos^ghctbhh Ha Hee BHeniHHMH CTHMyjiaMH, HeoSxo^HMO 
BKJHOHHTB B ee MO^eJIB MexaHH3M AOJirOBpeMeHHOH njiaCTHHHOCTH CHHanTHHeCKHX CB5I3CH. 
B paSoTe [55] paccMOTpeHO bjihahhc cjiynaHHOH (Jiohoboh CTHMyjnnjHH Ha cnaHKOByio 
AHHaMHKy HenpOHajiBHOH KyjIBTypBI H HH^yilHpOBaHHyiO TeTaHyCOM (BBICOKOHaCTOTHOH 
CTHMyji^iiHeH) CHHanTHnecKyio njiacraHHOCTB. B xanecTBe MO^ejiH KyjiBTypBi 
HcnojiB30BajiacB ceTB H3 1000 LIF-HeiipoHOB, cjiynaHHBiM o6pa30M pacnojio^KeHHBix Ha 
KBa^paTHOH njiouta^Ke 3x3 mm 2 (pnc. 12, cjieBa) h coc^hhchhbix jspyr c ApyroM npHMepHO 
50 000 CHHanTHHecKHx CB5i3eH (nojiHoe hhcjio hcxo^hihx CHHanTHHecKHx CB5i3eH y o^Horo 
HenpoHa HMejio rayccoBO pacnpe/jejieHHe, co cpe^HHM 3HaneHHeM 50 h 
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cpeflHeKBaapaTHHHbiM OTKJiOHeHHeM 33), npH stom Tonojiorna cera oraocHaacb k rany 
small-world network (pnc. 13 cneBa). 3aaep>KKH, yaHTbiBaromne pacnpocTpaHeHne cnaliKOB 
no aKcoHaM, 6 bijih nponopHHOHaabHbi paccToaroniM Meacay HeftpoHaMH. 3aBHCHMocTt 
CHHanTHHeCKOH 3(j)(J)eKTHBHOCTH (t. e. BepOflTHOCTH BbICB06o>KAeHMa MOJieKyn 
HefipoTpaHCMHirepa) ot nacTOTti npnxo^aniHx cnafticoB onpeaeaanacb AHCKperaoft 
peajiH3au,Hen Moaean UpaHKca-MapicpaMa [32], onncbiBaioineH tojibko CHHanranecKyio 
aenpeccmo. CeMbaecaT npopeHTOB HeflpoHOB HMean B036y>K^aK)inne cnHancbi, 
AOJiroBpeMeHHaa MoayaaHna bccob KOTopbix (t. e. anHaMHica K03(|>(})Hu,HeHT0B Ay b 
ypaBHeHHH (6)) onpeaeaaaacb Moaeabro STDP (ypaBHeHna (8), (9)). Y ocTaabHbix 30% 
HeirpoHOB Bee cmrancbi 6bian TopMOsamnMn n He o6aaaaan aoaroBpeMeHHoli 
naacTHHHocTbK). flaa MoaeanpoBaHHa cnoHTaHHofl HeaaTyxaromeft cnaHKOBofl aKTHBHocTH 
cera, Kaac^biH HeirpOH He3aBHCHMO HcnbiTbiBaa rayccoBCKHH myM Ha ypOBHe (JmyKTyaijHH 
TpaHCMeM6paHHoro noTeHunajia. 11 pn 3tom y 30% HeflpoHOB ancnepcHa myMa 6bura 
.zjocTaTOHHOH, hto 6 h reHepHpOBaTb cnaiiKH, y ocTajibHbix HeilpoHOB myM npMBoana jinnib k 
noAnoporoBbiM ([jayKTyaunaM. 

,H,aa B3aHMoaeMcTBHa HenpoHHon cera c MEA, Ha naomaaKy c HeilpOHaMH 6biaa 
cnpoeunpoBaHa nepnoanaecKaa ceraa H3 64 aaercTpoaoB (pnc. 12, cnpaBa). Kaacabift 
aaetcipoa HMea KOHeaHyio naomaab h Mor Hcnoab30BaTbca aaa craMyaanmi, b cpeaHeM, 76 
6aH3aeacamHx HeirpoHOB. 

Bee B036y>KaaiOH],He cnHancbi H3HaaaabHO HMean oaHHaKOBoe 3HaaeHne 0.05 (b 
6e3pa3MepHbix eanHHpax) h Moran BapanpoBaraca b Anana30He ot Hyaa ao 0.1 3a caeT 
3(J)(})eKTa STDP. npH MaKCHMaabHOM 3HaneHHH CHHanranecKoro Beca, aio6oH Bxoaamnn 
cnairK c 50% BepoaraocTbio Bbi3breaa reHepapmo cnaftica Ha nocTCHHanraaecKOM HeirpoHe, 
b tom HHcae, 3a cneT B3aHMoaeiiCTBHa ot Bxoaamero cnairKa c BHyTpeHHHM rnyMOM 
nocTCHHanraaecKoro HeirpoHa (pnc. 13, cnpaBa BBepxy). TopM03am;He cHHanraaecKHe Beca 
HMean, b cpeaHeM no BpeMeHH, (JmKcnpoBaHHoe SHaaeHHe -0.05. 



Phc. 12. CneBa: npocTpaHCTBeHHan CTpyKTypa moacjibhoh HenpoHHon cera. IIoKa3aHBi Bee HenpoHbi 
(tohkh) h 15 % CHHanranecKHx CBfl3en (coe^HHHTejiBHBie jihhhh MQyKjxy TomcaMn; CBerao-cepbie - 
oicaHHHBaiomHecfl B036y)KAaK)mHMH CHHancaMH, TeMHO-cepbie - T0pM03nmHMn). CnpaBa: 
Pacnojio)KeHHe 64 MOAenbHbix aneicrpOAOB MEA, H3o6pa)KeHHbix cepbiMH OKpy)KHOcraMH (n,n(j)pbi y 
OKpy)KHOc™ - HOMepa CTpoxn n CTOJi6ija MaTpmjbi). 3jieKTpOAbi 33 n 66 ncnojib30Bajincb £jra 
BbicoKonacToraoH craMyjnmnn (t. h. TeTaHyca). Cb^3h HenpOHa, BbmejieHHoro )KnpHon tohkoh Ha 
pncyHKe cneBa, H3o6pa)KeHbi ncxoAnmnMH CBerao-cepbiMH jinroniMH. PncymcH B3flTbi H3 [55]. 

B TeneHHe 2 nacoB Mo^ejinpyeMoro BpeMeHH pejiaKcaiiHOHHan CHHanTHnecKan ^HHaMHKa 
HenpOHHOH cera, 3a chSt a^eKTa STDP, npHxoAHjia k ycTOHHHBOMy CTaijHOHapHOMy 
COCTOnHHK): 60 JIBHIHHCTBO CHHanTHHeCKHX BeCOB (93 ± 2 %) B IMTH He3aBHCHMBIX 
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CHMynaijHax mmcjih 3HaneHHa MeHbunie, L ieM 0.01, jih 6 o Sojibuine, l icm 0.09. TaKoe - 
OnMO^ajibHoe - ycTOHHHBoe pacnpeaeneHne bccob (pnc. 13, cnpaBa BHH3y) coraacyeTca c 
pe3yjibTaTaMH Apyrnx aBTopoB [47] h Obijio Hcnojib30BaHo b Kanecrae HanajibHoro 
cocTOBHHfl b nocneAyiomMx HHCJieHHbix SKcnepHMeHTax no bjihahhio BHeniHen CTHMynanun 
HenpoHOB Ha KOJUieKTHBHyio CHHanTHnecKyio AOHaMHKy HenpoHHon cera. B nacraocra, 
ncnojib30Bajiacb BHeumaa (t. e. nepe3 3JieKTpOAbi MEA) craMyjiaHHa AByx TnnoB: 
«TeTaHyc» (aHm. tetanization - BbicoKonacToraaa CTHMyjiapna) n «(])OHOBbie» craMynbi. 
TeTaHyc onpeAejnracfl icaic OAHOBpeMeHHaa CTHMynanna HenpoHHon cera nepe3 ABa 
3jieKTpoAa MEA (noA HOMepaMH 33 n 66, cm. pnc. 12 cnpaBa) c nacTOTon 20 Tn b TeneHne 
10 cex. jih 6 o 5 mhh., b 3aBncnMOcra ot cepnn 3KcnepnMCHTOB. CraMyjnnjHa npnBOAMJia k 
BbmyacAeHHon reHepapnn cnanKOB bccmh HenpoHaMn, HaxoAanjHMHca b HenocpeAcraeHHOH 
6 jih 30 cth ot arax AByx sjieKTpOAOB. TeTaHyc Hcnojib30Barrca, hto 6 bi MHAyunpoBara 
H3MeHeHne narrepHa cnHanranecKnx BecoB HenpoHHon cera. <t>0H0Bbie craMyjibi motjih 
noAaBaTbca Ha Bee 64 ajieKTpOAa, npn stom HHTepBajibi MeacAy craMyjiaMH abb abhhoto 
ajieKTpoAa 6buiH cnynaHHbiMH BejTHHHHaMH h onpeAejiajincb nyaccoHOBCKHM npopeccoM co 
cpeAHeii nacTOTOH 1/64 Th. TaKHM o6pa30M, cera nojiynajia, b cpeAHeM, oahh (Jjohobbih 
craMyji b cexyHAy co Bcero MaccHBa ajreKTpoAOB. 
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Phc. 13. CjieBa: Pacnpe,zjejieHHe ajihh CBfl3en MOK^y HeitpoHaMn, nojiyneHHoe b pe3yjibTaTe 
MOAejiHpoBaHHfl. Pacnpe^ejieHHe 3a^ep}KeK, B03HHKaiomHx H3-3a kohchhoh AJinHbi Me>KHenpoHHon 
cb^3h h cicopocTH pacnpocTpaHeHna cnainca (KOTOpaa npe^nojiarajiacb nocTO^HHon n o^HHaKOBOH rjik 
Bcex HeirpoHOB, c nncjieHHbiM 3HaneHHeM 0.3 m / c ), HMeeT aHajiornnHbin bh #. CnpaBa: (BBepxy) 
3aBHCHMOCTb Bepo^THOCTH reHepaijnH cnanica nocTCHHanTnnecKHM HenpOHOM ot BejinnnHbi 
«Bxo^n;ero» cnHanTnnecKoro Beca. (BHH3y) PacnpeAeneHne 3HaneHnn cnHanTnnecKnx BecoB 
MOAejibHon HenpoHHon cera b coctoahhh ycTOHHHBoro paBHOBecna, B03HHKaion;ero b pe3yjiBTaTe 2 
nacoB cnoHTaHHon cnaincoBon ^HHaMHKH. Bee pncyHKn B3flTbi H3 [ 55 ]. 

HtoSbi HccjieAOBara BjinaHne TeTaHyca h (])ohoboh craMyjnmHH Ha KOJUieKraBHyio 
AHHaMHKy CHHanranecKHx BecoB, 6bijih npoBeAeHbi cneAyiomHe neraipe 3KcnepHMCHTa aab 
K aacAOH H3 nara peajiH3au;HH HenpoHHon cera: 

1) «KopoTKHH» - cnoHTaHHaa atcraBHOcra 3anHCbiBajiacb b TeneHHe 10 MHHyT (t. h., 
npeTeTaHHHecKHH HHTepBan, aHm. pretetanization period), nocjre nero npHMeHancn TeTaHyc 
Ha npoTfl>KeHHH 10 ceicyHA. Ilocjie ero OKOHnaroia cnonraHHan aKTHBHOcra cera 
3anHCbiBajiacb b TeneHne 50 MHHyT (t. h., nocTTeTaHHnecKHH HHTepBan, aHm. 
posttetanization period) . 

2 ) «flnHHHbiH» - to ace, hto h «Kopotkhh», ho TeTaHyc npHMeHancn b TeneHHe 5 MHHyT. 
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3) «KopOTKHH + (j)OHOBaa CTHMyjIflU,Hfl» - TO 3Ce, HTO H «KopOTKHH», HO npH 3TOM 
([jOHOBaa CTHMyjiflu,Ha npOAonacanacb b TeneHHe Bcero 3KcnepHMeHTa. 

4) «^JIHHHbIH + (})OHOBaa aKTHBapHfl» - TO ace, HTO H «,H,nHHHbIH», HO npH 3TOM 
(j)OHOBaa aicTHBauHa Ha npoTaaceHHH Bcero aKcnepHMenra. 

^jia BH3yajiH3auHH nairepHOB cnaMicoBOH aKTHBHOCTH h CHHanTHHecKOH njiacraHHOCTH b 
MO^ ejIbHOH CeTH, SblJTH HCn0JIb30BaHbI ABe BeKTOpHbie XapaKTepHCTHKH - H,eHTp 
Akthbhocth (HA) h U,eHTp BecoB (U,B), no aHanornH c u,eHTpoM Macc. 

H,A ynHTbiBaeT BennnHHy coBOKynHoft cnaftKOBOH aKTHBHocTH cera, a TaK ace 
«Heo^HOpOAHOCTb» ee npocTpaHCTBeHHoro pacnpeAeneroia. U,A onpeAenaeTca KaK: 

1000 

C4(') = — Tooo = [*c,Tc,]> (11) 

2>(0 

1=1 

TAe A(i) - kojikhcctbo cnafiKOB, reHepnpyeMoe i- m HeflpoHOM b HHTepBane BpeMeHH [/, 
t+TW] ( TW - 3anaHHoe BpeMeHHoe okho), X(i) h Y(i) - ropH30HTajibHoe h BepTHKanbHoe 
paccToaHHe ot /-to HenpoHa ao penrpa KBaAparaoH nnomaAKH, no KOTopon pacnpeAeneHbi 
HeiipoHbi, Xca, Yca - KOOpAHHaTbi BeKTOpa L(A. TpaeKTOpna U,A b HHTepBane BpeMeHH ot to 
AO ti c rnaroM At = TW/5 (< TW aji» nonyHemia AOCTaTOHHo rnaAKOH TpaeicropHH) 
onpeAenanacb cnenyiomMM o6pa30M: 

trajectory (t 0 ,( ) = \CA (V 0 ) , CA(t 0 + At), CA(t 0 + 2 At), CA (7, )] . (12) 

OnpeAeneHHe BeKTOpa L],B MoacHO npeACTaBHTb (J)opManbHO aHanorHHHbiM o6pa30M: 

i>(0[-noT(o] 

cir = 5 , (B) 

2>(0 

i=i 

TAe N - nonHoe hhcjio B036yacAaioiii;Hx cHHancoB, W(i) - Bee i-ro B036yacAaiomero CHHanea b 
MOM eHT BpeMeHH t, X(i) h Y(i) - ropH30HTanbHoe h BepTHKanbHoe paccToaHHe ot 
nocTCHHanTHnecKoro HeflpoHa i-ro CHHanea ao penrpa KBaApaTHon nnomaAKH, Ha KOTopofl 
pacnojioaceHbi HenpoHbi. TpaeKTopna U,B 3aAaeTca no aHanornH c ypaBHeroieM (12): 

trajectory (/ 0 ,t x ) = [CW (t 0 ) , CW (/ 0 + At) , CW (t 0 + 2 At ) , ■ ■ ■ , CW (t x )] . (14) 

Pe3ynbTaTbi MOAennpoBaHHa npeACTaBneHbi Ha pnc. 14. CTHMynauHa TeTaHycoM 

npHBOAHT K CMemeHHTO U,B. Ilpn 3TOM B OTCyTCTBHH (])OHOBOH CTHMynapHH («KOpOTKHH» 
3KcnepHMeHT) HaSniOAaeTca o6pamMoe CMemeHMe I)B b npou,ecce CTHMynau,HH (pnc. 14 A), 
KorAa nocne cTHMynapHH U,B B03BpamaeTca b hcxoahoc CTaSnnbHoe cocToaHHe. B cnynae 
«AnHHHoro» 3KcnepHMeHTa, KOTAa CTHMynaijHa TeTaHycoM AJiHTca OTHOCHTenbHO Aonro, 
nocne BbiKmoneHHa cTHMynapHH HaSmoAaeTca AAHTenbHbiH Apeii^ UP B omnnHoe ot 
nepBOHananbHoro CTaSnnbHoe cocToaHHe (pnc. 14 B). B o6ohx HncneHHbix 3KcnepHMeHTax 
c nocToaHHofi (Jjohoboh aKTHBHocTbio U,B cTa6HnH3HpyeTca nocne oKOHnaHHa TeTaHyca: 
OTcyTCTByeT KaK B03Bpam,eHHe k npeAWAymeMy CTaOnnbHOMy cocToaHHio (pnc. 14 C), TaK h 
A peiiiJ) U,B, c o6pa30BaHHeM Apyroro CTaSnnbHoro cocToaHHa (pnc. 14 D). TaKHM o6pa30M, 
aBTopaMH noKa3aHO, hto cjjOHOBaa CTHMynau,Ha CTa6nnH3HpyeT IJB h no3BonaeT 
KOHTponHpOBaTb H3MeHeHHe CHHanTHHeCKHX BeCOB C nOMOIUbTO AAHTenbHOCTH B03AGHCTBHa 
TeTaHyca. IIoAoOHbiH (JjeHOMeH oSbacHaeTca TeM, hto 4>OHOBaa CTHMynauHa noAaBnaeT 
npoAonacaiomyioca nocne oKOHnaHHa TeTaHyca HHeppHOHHyio cnaHKOByio aKTHBHocTb ceTH, 
KOTOpaa HHAyiinpyeT H3MeHeHHe CHHanTHnecKHx BecoB. nonynaeTca, hto cnoHTaHHaa 
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cnaiiKOBaa aKTHBHOCTb HenpoHHOH cera kocbchho BJinaeT Ha Beca CHHancoB ,n,o Tex nop, 
noxa He Sy^eT ^ocththyt cTapHOHapHtiii narrepH aKTHBHocTH h airpaKTop b npoeipaHCTBe 
IJB. OTMeTHM, HTO H3yHeHHe AHHaMHKH CHHailTHHeCKOH IIJiaCTHHHOCTH B peaJIBHOH 
HenpoHajiBHOH KyjiBType 3aTpya;HeHO no MHornM npHHHHaM, nooTOMy MO^ejinpOBaHHe 
no^oSHBix npoijeccoB Ha ^aHHBin momcht 5iBjnieTC5i npaKTHnecKH e^HHCTBeHHBiM 
HHCTpyMeHTOM HX H3yneHH5L 
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Phc. 14. CpaBHeHne TpaeKTOpHH Beicropa U,B rji % nerapex bhjjob TxcnepHMeHTa: A) «Kopotkhh», B) 
«,Z],JIHHHbIH», C) «KopOTXHH + (j)OHOBafl CTHMyjUnjHfl)), D) «,Z],JIHHHbIH + (jjOHOBafl CTHMyjI^U,H^» . TOHKa, 
cooTBeTCTByiomaa MOMeHTy BbixjnoHeHHfl TeTaHyca, OTMeneHa chmbojiom «X». CjiynaHHaji (jjOHOBaa 
CTHMyjiflijHfl CTa6njiH3HpyeT 3HaneHHfl CHHanTHHecxHx BecoB cera nocne CTHMyjnm,HH TeTaHycoM, 
yMeHbina^ 3(j)(j)eKT B03BpaTa (cp. A) h C)) h #peH(j)a (cp. B) h D)) TpaeKTOpHH U,B nocne 10 cex. h 5 
MHH. CTHMyjiaiJHH TCTaHyCOM, COOTBeTCTBeHHO. PHCyHKH B3JITbI H3 [55]. 

B xanecTBe npOAOJDKeHHfl npe^Bmymero nccjie^OBaHH^, aBTOpBi ncnojiB30Bajin 
o6Hapy)KeHHBiH 3(^(^eKT CTa6njin3aiiHH U,B j\jik co3,ziaHH5i MO^ejiBHOH a^aimiBHOH cncTeMBi 
Ha ocHOBe MO^ejien HenpOHajiBHOH KyjiBTypBi h moShjibhoto poSoTa (aHHMaTa) [15]. B 
^aHHOH paSoTe b KanecTBe MO^ejiH poSoTa, ynpaBjnieMoro HenpOHajiBHOH KyjiBTypon, 
HcnojiB30Bajic^ 3 aMKHy tbih bhkji CTHMyji^BHH KyjiBTypBi h perHCTpaijHH ynpaBjHnomero 
B03AencTBHH. I1 oao 6 hbih iioaxoa 5iBjnieTC5i nepcneKTHBHBiM c tohkh 3peHH5i H3yneHH5i 
MexaHH3MOB o6pa6oTKH HH(J)OpMaH,HH B HeHpOHaJIBHBIX KyjIBTypaX H COOTHeceHHH 3THX 
^aHHBIX C 3KCnepHMeHTaJIBHBIMH HCCJieAOBaHHHMH B oSjiaCTH nOBe^eHneCKOH 
HeiipoSHOJiorHH. IIpH nocTaHOBKe «3a r zja x iH» nepe^ KyjiBTypon mbi npH^aeM 
perHCTpHpyeMOH aKTHBHOCTH KyjiBTypBi HeKOTOpBIH CMBICJI H MOIKQM HCCJIC^OBaTB 
(^eHOMeHBI aKTHBHOCTH H njiaCTHHHOCTH, HHTepnpeTHpyfl HX B TepMHHaX nOBe^eHHH H 
HayneHHH. 

IloBeAeHHecKaii 3aAana, KOTOpas CTaBHjiacB nepe# poSotom, cocTo^uia b HeoSxo^HMOCTH 
coxpaH^TB npocTpaHCTBeHHoe nojic»KeHHe b ijempe onpeAejieHHoro Kpyra. IlpH 3tom Kpyr 
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AHOXHH h «p. 


6biJi noaeaeH Ha aeTbipe paBHbix ceKTOpa h aepe3 HexoTOpbie npoMeacyrxH BpeMeHH 
KyjitType noaaBaaca cneunaabHO c(J)opMHpoBaHHbTH cnniaa CTHMyaapHH - xohtcxctho- 
3aBHCHMaa nocaeaoBaTeabHOCTb HMnyabcoB (CPS), yHHxaabHaa h nocroaHHaa (b paMxax 
oaHoro 3KcnepHMeHTa) a aa xaacaoro H3 aeTbipex cexTopoB, hto noTeHunaabHo Morao 
no3BOJiHTb KyjibType pacno3HaBaTb Texym.ee noaoaceHHe. B paMxax aaHHoii mcto^hkh 
ynpaBaaioiuee B03aeiicTBHe, onpeaeaaiomee BexTop HanpaBjieHHa uBH>xeHHa po6oTa b 
cpeae, aexoanpoBaaocb c noMonmio BbiancaeHHa U,eHipa Axthbhocth HeiipOHaabHOH 
xyjTbTypbi b oTBeT Ha Texymyio CPS. Ecjth rroBeaeHHe areHTa b xoHxpeTHbiii momcht 
BpeMeHH aBJiaaocb yaoBaeTBOpHTeabHbiM (ocymecTBaaaocb CMemeHne no HanpaBJieHHio x 
ueHTpy xpyra), to xyabTypa noasepraaacb cayaaimoH (Jjohoboh cTHMyaapHH (ao 
caeayioiueii noaaan CPS), xoTOpaa CTa6naH3HpyeT 3HaaeHHa CHHanTHaecxHx BecoB b cera. 
B cayaae HeyaoBaeTBopnTeabHoro noBeaeHHa npoBoaHaacb cTHMynauna cnepnajibHo 
cxoH(j)HrypHpoBaHHOH maSaoHHOH oSyaaioiueH nocaeaoBaTeabHOCTbio (PTS), xoTOpaa, 
HanpoTHB, aojT/KHa 6biaa HHayunpoBaTb naacTHHHocTb b HeiipOHaabHOH xyabType. IIpH 
3tom PTS o6a3aTeabHO Bxmoaaaa b ce6a aacTb cooTBeTCTByioiueH nocaeaoBaTeabHOCTH 
CPS (aaa B03MO/XHOCTH accouHauMH oSyaaioiuero cnrHaaa c «ceHcopHon» HmJjopMauHeii, 
nocTynaiOLueH H3 cpeabi). B xaaecTBe BTOpon aacra PTS 6paancb pa3HHHHbie xoM0HHauHH 
aaexTpopoB h BpeMeH MoxcnrHaabHOH 3aaepacxH, hto no3Boaaao cocTaBHTb nya 
oSyaaiOLUHx noeaepoBaTeabHOCTeii aaa xa>xaoro H3 cexTopoB xpyra. Bbi6op xoHxpeTHoii 
PTS nocaeaoBaTeabHOCTH b eaHHHHHOM TaxTe HHayxuHH oSyaeHHa ocymecTBaaaca 
cayaaiiHO, oaHaxo BepoaTHOCTH Bbi6opa Tex PTS, xoTopbie npHBoanaH x aijxJiexTHBHOMy 
H3MeHeHHK) noBeaeHHa, yBeananBaan b npouecce MoaeanpoBamia, hto no3Boaaao 
noaSnpaTb onTHMaabHoe xoanpoBaHHe oSyaaioiuero cnmana. 

flaa (JjopMHpoBaHHa oTo6paaceHHa BbiancaaeMoro UA HenpoHaabHon xyabTypbi b 
B exTop HanpaBaeHHa aBH>xeHHa poSoTa, nepea HaaaaoM xa>xaoro H3 axcnepHMeHTOB 
npoBoaoaacb ceccna c MHoacecTBeHHOH noaaaen aeTbipex cayaaiiHo Bbi6paHHbix CPS. B 
aaabHenmeM ocymecTBaaaocb ycpeaHeHHe Ha6aioaaeMbix IJeHTpoB Axthbhocth aaa 
xaacaoro H3 aeTbipex «ceHcopHbix» cHraaaoB. /J, aHHaa npoueaypa no3Boaaaa nocTpoHTb 
nepBHaHyio cjiopMy OToSpaaceHHa Tax, aToSbi npn Haxo>xaeHHH b xaacaoM H3 cexTOpOB po6oT 
ocyipecTBaaa npaBHabHoe aBHaceHHe x ueHTpy xpyra. 

Abtopbi paSoTbi HCcaeaoBaan bobmohchoctb aaanTapHH xyabTypbi npn H3MeHeHHH 
(JjyHxpHH oToSpaaceHHa LJA b HanpaBaeHHe asHaceHHa. IIoao6Haa MeToanxa MoaceT 
aBaaTbca aHaaorneii noMeiueHHio peaabHoro acHBOTHoro b apyryio cpeay nan H3MeHeHHio 
nepBHHHoro 3aaaHHa. /(aa stoto x xyabType npHMeHaaacb CPS, xoTopaa 6biaa nepBHHHo 
accopHHpoBaHa c nepBbiM cexTOpOM, xoraa oh Haxoanaca b TpeTbeM cexTope h HaoSopOT. 
TaxHM o6pa30M, npoBepaaocb cnocoSHa an xyabTypa x cMeiuemno CBoero UA b otbct Ha 
MoaniJiHUHpOBaHHyio «ceHCOpHyio» HHijiopMauHio 3a caeT MexaHH3Ma CHHanTHaecxoii 
naacTnaHOCTH (STDP), no3BoaaioHi;eMy peuiHTb 3aaaay HaxoacaeHHa b pempe xpyra. 
IlpOBeaeHHbie CHMyaapHH noxa3biBaiOT, hto b SoabiHHHCTBe cayaaeB xyabTypa cnoco6Ha 
ycneniHo aaanTHpoBaTbca x H3MeHHBHiHMca axcnepHMeHTaabHbiM ycaoBHaM (pnc. 15). 

Ilocae noaTBepacaeHHa rnnoTe3bi o B03M0acH0CTH 3(})(j)exTHBHOH aaanrauHH 
HeflpoHaabHOH xyabTypbi x H3MeHHBHiHMca ycaoBHaM cpeati b paMxax pa3pa6oTaHHoii 
MeToanxH, aBTopbi ocyiuecTBHan npOBepxy Heo6xoaHMOCTH MexaHH3MOB CHHanTHaecxoii 
naacTnaHOCTH b cera aaa aclxJiexTHBHon xoppexunn noBeaeHHa poSoTa. 

Abtopbi noxa3aan, aTO npopeccoB xpaTxoBpeMeHHoii naMaTH (xpaTxoBpeMeHHoii 
aenpeccHH b Hcnoab3yeMoii Moaean aacTOTHo-3aBHCHMbix cHHancoB) HeaocTaToaHo aaa 
xoppexTHpOBxn noBeaeHHa h Heo6xoaHMO yaHTbreaTb aoaroBpeMeHHbie H3MeHeHHa b 
CHH ancax MoaeabHoii ceTH. /)aa aaHHoii uean npoBoanancb aonoaHHTeabHbie 
axcnepHMeHTbi no aaanTapHH x hobbim ycaoBHaM cpeabi npn BbixaioaeHHOM MexaHH3Me 
CHHanTHaecxoii naacTnaHOCTH STDP. 
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Phc. 15. A^anTau,^ k H3MeHHBiiiHMCfl «ceHcopHbiM» CHraajiaM. IIoKa3aHa ^HHaMHKa H3MeHeHHa 
paccTO^HHii ot u,eHTpa Kpyra c TeneHneM BpeMeHH. Ilpn 3 tom nepeKjnoHeHHe MexaHH3Ma KO^HpOBaHHA 
ceHcopHOH HH(J)opMaij,HH nponcxoAHjio nepe3 Aec^iTb MHHyT nocjie Hanajia Mo^ejnrpoBaHHJi. B Te 
MOMeHTbi, Kor^a po6oT ^ocTHraji rpaHHijbi Kpyra, ero nepeMemajin o6paTHo b H3HanajibHoe nojicmeHHe 
- u,eHTp Kpyra (oTBecHbie ropH30HTajibHbie jihhhh Ha HH>KHeM rpa(j)HKe). PncyHOK b3at H3 [15]. 

Pe3yjiBTaTBi MO^ejinpoBaHH^ (pnc. 16) noKa3BiBaiOT, hto ^ojiroBpeMeHHa^ njiacraHHOCTB 
5IBJI5ieTC5I HeoSxOAHMBIM MexaHH3MOM RJ1R 3(})(J)eKTHBHOH a^anTailKH MO^eJIBHOH KyjIBTypBI K 
H3MeHHBinHMC^ ycjiOBH^M OKpy^xaiomeH cpe^Bi (b a^hhom cjiynae k H3MeHHBineMyc5i 
«CeHCOpHOMy» KOAHpOBaHHK)). 



Phc. 16. CpaBHeHne peajiH3aijHH a^anaraBHoro noBe^eHHa c CHHanTHnecKOH njiacTHHHOCTbio h 6e3 Hee. 
A) ^HHaMHKa paccTO^HM ot po6oTa ro ijeHTpa Kpyra Rim 3KcnepHMeHTOB c BKjnoHeHHon 
njiacTHHHOCTbio h 6e3 Hee. E) Ycpe,zjHeHHbie b ep ojitho cth peajiH3au,HH 3(j)(j)eKTHBHoro noBe^eHHa ro 
nepeKjiiOHeHH^ «ceHcopHoro» Ko^HpoBamDi, cpa3y nocjie nepeKjnoHeHHe h b KOHije Mo^ejinpoBaHHa (* 
03HanaeT CTaTHCTHHeCKH 3HaHHMyiO pa3HHI]y - 3HaKOBbIH KpHTepHH YHJIKOKCOHa) PneyHKH B3flTbI 
H3 [15]. 
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Phc. 17. OijeHKa yHHKajibHOCTH CTpyKTypbi moacjibhoh cera, no 3 BOJiaiomeH reHepnpOBaTb 
34)4> eKTHBHOe noBe^CHHe po 6 oTa. A) ^HHaMHKa paccTO^HH^ ot po 6 oTa ro ijempa Kpyra b ycnoBirax 
nepBHHHoii a^anTai^HH k H 3 MeHHBiiieHCfl cxeMe «ceHcopHoro» KOAHpoBaHHfl, a 3 aTeM oGparaon 
a^airraijHH k H 3 HaHajibHOH cxeMe. B) BH 3 yajiH 3 au,na H 3 MeHemia nepBBix Tpex rjiaBHbix KOMnoHeHT 
o 6 mero BeKTOpa BecoBbix KOTtjxjmneHTOB cera b npoijecce npoBe^eHKa TKcnepuMeirra. PncymcH B 3 flTbi 
H3 [15]. 

3aTeM aBTopti pa6oTbi npoAeMOHCTpHpoBajiH, hto KOH^Hrypapna Mo^entHOH cera 
(panpe^ejieHHe bccob CHHanranecKHx CBaaeM), KOTOpaa MoaceT oSecnenHBaTb ycneniHoe 
noBe^eHHe b paMKax nocTaBjieHHoft nepeA po6otom salami, He aBjiaeTca yHHKajibHoft (pnc. 
17). ^Jia 3Toro b ycnoBHax cxoacero aiccnepHMeHTa nocne ycneniHOH aAanraijHH moacjibhoh 
K yjiBTypbi k H3MeHeHHio cxeMbi «ceHcopHoro» KOAnpoBaHHa ocymecTBjiajiocB o6paTHoe 
nepeKJiiOHeHHe k hcxoahoh cxeMe. TaKHM o6pa30M npOBepanocb cooTBeTCTBHe BecoBbix 
K03(J)(i)HpHeHTOB cera nocjie ycneuiHoft a^anTapHn k hcxoahoh cxeMe KOAHpoBaHne c tcmh 
B ecaMH, KOTopbie Ghjih b cera ao Havana npoBeACHMa SKcnepHMeHTa. ,H,jia ynpomeHHa 
npoueAypbi cpaBHeHHa, yHHTbreaa hto cyMapHbm Bexrop Bcex cHHanranecKHx cBa3eft 
aBjiaeTca Hpe3BbinaHHO BbicoKO-pa3MepHbiM, npHMeHajica mctoa BbiACJieHMa raaBHbix 
KOMnoHeHT b npocTpaHCTBe BecoBbix K 03 (J)(J)HHHeHTOB MOAejibHOH cera. IlepBbie Tpn 
BbiAeneHHbie niaBHbie KOMnoHeHTbi Hcnojib30BajiHCb AJia BH3y ajiH3 aijHH H3MeHeHHH 
CHHanraHecKHx K03(})(})Hu;HeHTOB b TeneHHe Been AJiHTenbHocra sKcnepHMeHTa. Pe 3 yjibTaTbT 
AaHHoro SKcnepHMeHTa noKa3biBaiOT, hto peajiH3auHa OAHoro h raro ace ycneuiHoro 
noBeAeHHa MoaceT ocymecTBjiaTbca b cjiynaax pa3JiHHHOH CTpyKTypbi BecoB b cera 
(Phc. 17 B). 


He CMOipa Ha to, hto HeMpoHajibHbie icyjibTypbi aBJiaiOTca ropa3AO 6ojiee npocTbiM 
oSbeKTOM HccaeAOBaHHa, neM HefipoHHbie cera in vivo, ohh ACMOHCTpnpyTOT 6oraTbiH 
penepTyap AHHaMHnecKHx aBJieHHH, nacra H3 kotopmx eme Jinuib npeACTOHT H3ynHTb. 
HanpHMep, ocTaeTca Heo6bacHeHHOH ycTOHHHBocTb nanenHoro peacHMa cnoHTaHHoft 
nonyaaHHOHHOH aKTHBHOcra no oraomeHmo k pa3JiHHHbiM peanHaannaM TonoaornH 
HenpoHajibHon KyjibTypbi, a Tax ace npoueccbi, onpeAenaiomHe 3aAHHH (})poHT npoclwaa 
nonyjiau;HOHHOH namcH. BnojiHe Bepoarao, hto HeicoTopbie Bonpocw 6yAyT pemeHbi 3a chct 
yBeaHneHHa nncjia MOAejinpyeMbix HeftpoHOB h MeacHeftpoHHbix cBa3eft ao BenHHHH, 
aAexBarabix peaabHbiM CHCTeMaM. 

CpeAH B03MoacHbix HanpaBjieHHH AJia AaubHenuinx HccjieAOBaHHH MoacHo BbiAejiHTb 
pa3pa6oTxy moacjich AJia pemeHHa aaAan: 


4 . 3 AKJIIOHEHHE 
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• H^eHTH(J)HKaLl,HH KOHKpeTHOH HCHpOHajIbHOH KyjIbTypbl nO CTaTHCTHHeCKHM 
CBoiicTBaM ee cnaincoBOH Ai-maMmor; 

• BOCnpOH3Be^eHH5I pa3BHTHHHOH AHHaMHKH naHeHHOH aKTHBHOCTH; 

• onHcafflM reHepauMM noBTopaiomHxca nocjieAOBaTejibHocTeii aKTHBapHH HeftpoHOB, 
(JjopMnpyiomHx naHKH; 

• aHajiH3a B03MoacHbix MexaHH3MOB o6yHeHHfl b HeiipoHajibHOH xynbiype, h 
pa3pa6oTKH ajiropHTMOB ManiHHHoro oSyneHHa Ha hx ochobc. 

CTaTba 1 1 o.uoro is: i ch a npn <])HHaHCOBOH ik),ucp>kkc OI U 1 NIcc.ie/ioisamiH h pa3pa6oTKH no 
npnopnTeTHbiM nanpaB.icmuiM pasminm 1 1 ay 1 m o-rcx i m m cc ko ro KOMiucK'ca Pocchh Ha 200702013 
ro;u>i». rocKOHTpaKT Ns 07.5 14. 12.403 1 . 
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